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ARTICLE STORAGE MAGAZINE FOR AN ARTICLE HANDLING DEVICE 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application wiU claim priority under 35USC 120 of U.S. Provisional Patent 

Application No. filed October 16 , 2002, entitled Article Storage Magazine For 

An Article Handling Device, claim priority under 35USC 120 of U.S. Provisional Patent 
Application No. 60/388,620, filed June 13, 2002, entitled Article Storage Method and 
Apparatus for an Article Handling Machine, and claim priority under 35USC 1 19 and 120 and 
be a Continuation in Part, of PCT Patent Application PCTAJSO 1/1 6847 filed May 23, 2001. 
The eatire disclosure of each of these patent applications is incorporated herein by reference in 
their ent««ty. 

BACKGROUND OF THE INVENTION 



1. Field of the Invention 



[00021 The present invention relates generaUy to improvements in the design and 
operation of an article storage area adapted for use witii an article handling apparatus, such as a 
vendmg machine, as well as methods and systems useful therewith. The invention is 
particularly useful for transporting, storing and/or handlmg articles to be positioned in a 
columnar/stacked manner, and in some embodiments is particularly useful for handling fiagile 
articles or packaging for such articles, such as candy bars or bags of potato chips. The methods 
and apparatus of the invention provide for quick, accurate and reliable filling of the article 
stor^e area of the article handlmg apparatus, and is particularly advantageous when a large 
number of articles are required to be handled. 



2. Badcgtound Information and Description of tiie Related Art 

[0003] Most prior art article handling mechanisms, more specificaUy referred to in tiie 
description of tiie present mvention as being in tiie environment of a point-of-sale (POS) article 
dispenser, rely on a multitude of motors, switches and solenoids for moving various portions of 
the handling mechanism, and handling/retrieving of tiie articles tiiemselves, such as packaged 
articles Such machines typically require one motor, switch and/or solenoid dedicated for each 
row, column or type of article or package to be handled or dispensed tiierefrora. Such handling 
mechanisms conventionally comprise one or more of gates, elevators, conveyor belts or spiral 
wires. Machines of tiiis type generally suffer &om numerous disadvantages, such as poor 
tehability due to mechanical faUures, difiSculty making accommodations for differenfly sized 
packaged articles, time-consuming individual article handling for refilling of tiie storage area of 
the article dispenser, ete., as well known by tiiose skilled in tiiis art 
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[0004] US Patent 5,240,139 represents a significant improvement in article handling 
devices. It describes the use of a negative air pressure lifter (i.e., article pickup or handling 
mechanism), which uses suction, i.e., a reduced or so-called "negative" air pressure created by 
a partial vacuum, for making a secure contact to an article to be retrieved by entering the open 

5 top of an article storage bin located in a refrigerated storage area of a vendkig machine. 

Thereafter, the article pickup mechanism moves the selected article from the stomge area to a 
dispensing area. Although robotic, and specifically suction-type pickup mechanisms are in 
common use in factory settings, where space limitations are generally relaxed, their use in tight 
confines, such as an article vending machine, has not gained wide acceptance. Due to the 

1 0 greater reliability and versatility of vending machines of the type which utilizes suction 
technology for grasping and moving selected articles, it would be desirable to develop new 
techniques and methods for use with such machines, as well as for other more generalized 
article handling mechanisms. 

1 5 [0005] Article storage is provided in the forenoted US Patent 5,240, 1 39 by arranging a 
plurality of vertically aligned article storage columns or bins within a freezer compartment 
located in a storage area of the dispenser housing. Since the articles to be dispensed were 
frozen, the weight presented on the articles stored in a lower portion of the bin, by the stack of 
articles stored above, did not present a article crushing problem. In some applications however, 

20 such as those that do not use a freezer compartment, the articles stored in the bins may be 
fragile (such as flexible bags containing potato chips or chocolate bars), and some provision 
would be necessary to prevent crushing of the articles stored near the bottom of the bin. Even 
if article storage in the dispenser used horizontal placement of the article storage bins, fragile 
articles loaded in the bins could still be damaged during transportation of pre-loaded storage 

25 bins from an article storage warehouse or place of article manufacture, to the storage area in the 
article dispenser mechanism. It is desirable to make the article storage bins so that they have 
tiie most capacity possible, for example, by making the bins taller. However, replenishing of 
the bins with articles to be vended becomes more difficult as tiie length of the bins increases. 

30 [0006] Furthermore, when the article storage bins store articles which are date sensitive, 
i.e. which may get stale with the passage of time, it would be deskable to provide means which 
would ensure that refilling/filling of partially empty bios are not only accomplished in a simple 
and reliable manner, but in a manner which preserves the filling order of the articles m the bins, 
i.e. in a manner which maintains a FIFO (First In, First Out) dispensing order. FIFO removal 

35 of the article from the article storage bins helps to insure the quality of the article dispensed to 
the consumer. It is noted, however, that when taller, higher capacity, bins are used, 
maintaming a FIFO requirement during refilling is exacerbated because refiUmg must be done 
at an end of the bin which is opposite the dispensing end. Even when dispensing is from an 
open-top end of the bin, access to the interior of the bin for refilling/filling must be provided at 

40 an end of the bin which is opposite from the dispensing end, i.e., at the bottom of the bin. 
Furthermore, each bin must be individually handled for refilling. 

[0007] US Patent 4,236,649 entitled Compact Vending Machine describes the use of a 
removable article storage array (such as a 10 x 10 array of cubicles) for holding goods to be 
45 dispensed, which is selectively replaceable in to the storage area of a small table-top vending 
machine. The goods are dispensed from the storage array by trap doors which form the bottom 
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portion of eaoh cubicle in the array. Although such an arrangement allows for a rapid refilling 
of the vending machine with goods, because a significant part of the dispensing mechanism, 
i.e., the trap doors and the associated hinges and actuators needed for enabling its controlled 
and selective operation, is embodied in the array, thereby undesirably increasing the complexity 
5 and cost of the replaceable array. 

[00081 US Patent 6,330,958 entitled Compact Table-Top Vending Machme extends the 
concept of a replaceable goods holding/dispensing mechanism to what are known as ^'spiral'' 
vendors. Spiral vendors typically have several goods holding horizontal shelves, each shelf 

1 0 having a parallel array of dispensing mechanisms comprised of a stiff wire spiral, whereby the 
goods to be dispensed are loaded into the spaces between adjacent turns of the spiral wire. 
Rotation of the wire spiral results in advancing of the goods to the end of the spiral, whereby 
the end good is dispensed when it falls out from the end of the spiral. In this prior art patent, 
the plurality of horizontal shelves are combined into a single replaceable magazine, so that a 

1 5 plurality of the shelves can be reloaded with goods at a remote location, and by replacing the 
magazine, all of those shelves are refilled with goods. As with the forenoted US patent, 
although such an arrangement allows for a rapid refilling of the vending machine with goods, 
because a significant part of the dispensing mechanism, i.e., the spiral vwre dispenser 
mechanism needed for moving the goods to the end of the storage shelves, is also included in 

20 the replaceable goods holding/dispensing mechanism, this arrangement also suffers firom 
undesirable complexity and increased cost. Additionally, it requires careful attention to 
positioning during replacement to ensure that the motors that activate the spiral dispensing 
mechanism are properly engaged into spirals of the replaceable goods holding/dispensing 
mechanism. 



[0009] Inventor Chimomas' prior PCT patent AppUcation PCT/USOl/16847 entitied 
Method and Apparatus for Storing Articles for use witii an Article Handling Device 
(incorporated herein by reference), describes an article handling device that stores the articles 
to be dispensed in simple columnar guidance structures, such as bins, and uses a dispensing 
30 mechanism of the type that travels into the article storage bins in order to retrieve an article to 
be dispensed. In one embodiment the dispensing mechanism comprises a suction hose, but in 
practice can be any type of article grasping device. 

[0010] TWs PCT patent Application discloses the use of a ^Wcrobox" which groups 
35 together a plurality of the article storage bins for simxiltaneously moving bins, thereby 

simplifying and facilitating the handling of groups of the articles to be vended. It also discloses 
the use of bin segments for facilitating a more rapid and trouble free re-loading of individual 
ones of the article storage bins, as well as help insure FIFO article reloading. 

40 

OBJECTS OF THE INVENTION 

[0011] It would be desirable to provide a method and apparatus which develops even 
further the basic techniques as disclosed in this PCT patent application. 
45 [0012] Such improvements have as goals a standardization of the size of the article storage 
bins, so as to help obtain lower cost storage system components, as well as reducing errors 
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during reloading and allowing a pre-set programming of the dispenser to be used after fhe 
article storage bins have been moved during the reloading process. However, it is also 
important that the article storage system have a very high article storage capacity, which leads 
to high packing densities. Such high article storage densities make it difficult to provide easy 
access into the storage system for the purpose of reloading it with fresh articles. If one were to 
break-up the storage system into multiple parts to aid accessibility for reloading, the multiple 
parts may lead to physical instability of the system. An additional goal of such a system is to 
have FIFO article reloading, which can be aided by having the articles only removed from one 
end of the storage columns. With such a system, the goals of accessibility and high density are 
not ordinarily compatible with the FIFO goal, since, for example to help ensure FIFO reloading 
should be from an end of the colunms which is opposite to the dispensing end, yet that opposite 
end is ordinarily not accessible. 



(00131 BRIEF SUMMARY OF THE INVENTION 

[0014] In accordance with one aspect of the present invention, an article handling 
apparatus having a article storage area includes a removable article storage structure adapted 
for being positioned therein. The removable article storage structure comprises a hinged 
combination of at least two bin segment guidance structures, each guidance structure adapted 
for individually guiding pre-packaged groups of articles to be handled, i.e., article storage 
segments which are preloaded with articles, so as to form therewith a plurality of axially 
aligned article storage columns. The guidance apparatus of each hinged structure includes a 
receiving device which provides individual coupling to the article storage segments, so as to 
allow grouping of the article storage segments into the plurality of axially aligned article 
storage columns. Once received, the segments are individually guided by the guidance 
apparatus from one end of the column, along the longitudinal axis of the column, in a direction 
toward an article grasping portion of the article handling apparatus which is adjacent an 
opposed end of the colunrn. In one embodiment, each hinged structure includes two back-to- 
back rows of columns, so that once the hinged structure is opened up, access is provided to the 
columns on both each the inside and outside of the stmcture, so that all the bins can be easily 
reloaded when the removable article stmcture is removed from the storage area, and then the 
hinged structure can be "closed" and moved, by i.e., sliding or using wheels, into the storage 
area of the dispenser. 

[0015] In accordance with one aspect of this invention, a ramp or other guide can be used 
to assist the rnovement of the removable article storage stmcture into and out of the storage 
area, which ramp, not only includes one or more raised walls that serve to guide the structure 
during its movement into and out of the storage area, but which wall also serves to protmde 
into the storage area and reside therein against the removable storage structure, so as to 
maintain the storage structure at a predetemiined position within the storage area during 
operation of the article handling apparatus. This mamtenance of a predetermined position 
allows the same programming of the dispenser "memory" of the column positions before the 
reloading, to be used after the reloading. 



10 



30 



35 



40 



>S « :i O J.•lf^C^l'a■■ 



Docke«No.02PR15US Patent 

[0016] This arrangement provides a method and apparatus for quickly, easily and 
accurately transporting and placing a large quantity of articles into the storage area of the article 
handling apparatus. Furthermore, the guidance apparatus may additionally include a 
mechanism that co-acts wifli the segments so as to help enforce a FIFO (First-hi-First-Out) 
ordering of the segments in the column. Such a mechanism may mclude one-way tabs which 
prevent the segments from being loaded into the column from the dispensing end. In an 
alternative embodiment, flexible dividers may be used between the columns of segments so 
ihai when a segments is removed from a top of the column, the divider flexes mto the space of 
the column, thereby blocking the insertion of an additional segment into the column from the 
(Hspensmg end thereof Such flexing can also serve to "catch" or provide a retaining force to 
the top edge of the segments, thereby making it less likely that an empty segment wiU be lifted 
up by the passmg therethrough of articles being dispensed from a lower positioned segment 
Even fiirtheimore, the flexible dividers provide a uniform and constant urging force between 
fte segments, thereby helping to keep them m aUgnment with one another (and helpmg insure 
15 the accuracy of their position, as required to properly dispense articles m accordance the pre- 
piogrammmg of the article dispenser arrangement), as well as maintaming a snug/tight 
relationship with the segments of the adjacent column. If desired, the top of the dividers could 
have a bend or added protrusion so as to aid in keeping flie top segments in place when they are 
empty. In an even further embodiment, selectively removable bar could be positioned above 
20 the top segments m each column to help retain them during the dispensing operations, yet is 
removable to allow the segments to be removed during the refilling/servicing operations. 

[0017] hi one embodunent, the dividers can be formed by cuttmg strips out of a roll of 
polyvmyl or polycarbonate sheet material, so that along their length, there is a natural and 
25 permanent curl m the direction that the material was stored as a roll. All the dividers used to 
form the columns m the article storage stracture should then be placed so that their pre-set curl 
acts m the same direction between each of the columns. Once the columns are loaded with 
segments, the longitudinal curl in the dividers is prevented from takmg place, until a too 
segment is removed, as noted above. » f 

[0018] The receiving devices may comprise opemngs near the bottom of the guidance 
apparatus, which openings provide access for respective ones of the article storage segments to 
be admitted into respective ones of the plurality of axiaUy aligned article storage columns. In 
the embodunent where the removable article storage structure comprises a refiUable article 
storage magazme having a 2 by 1+N matrix (where N= 0 or a positive integer), the openings 
may compnse for example, openings in the bottom of opposed sidewalls that may be used to 
form ^ outside penmeter for the magazme, or openings in the bottom floor of the magazine 
dependmg upon the desire to insert the segments into the columns either latEraUy or 
longitudmally with respect to the longitudinal axis of the article storage columns. 

[0019] The precise shape of the removable article storage structure is not unportant, and. 
for example when a magazme is used, other than rectangular shapes are possible, such as a 
round or doughnut shape, where the opemngs for the segment face the outside of the doughnut 
for easy access by the service person to refill tiie article storage structure. 
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Aat functions as a sled or cart, and may include wheels so as to fecUitate movement of&e 
magazine mto and out of the storage area of the article handling apparatus. 

[00211 In a preferred embodiment, each half of the magazine can include two onnosed end 
walls spamung a lower floor portion for forming a U-shapefand brackets roth^suDOo^^ 
^ Ae opposed «kI walls, thereby formmg opposed sidewalls which give riS "o ftf 

tne mvider wall formmg a space for a row of article storage columns. 

SI f.if' Tu " ^^^^ *® opposed sidewalls and the floor 

s°s^*:^-Sr."*''^^^ 

Inaccordance with a Anther aspect of the invention, the inside of the wall portions 
nnw f °^<^t»°g the upper body can be covered with a sheet (s) of polycXmte or 

mS ''s^h . wf T 1 "'""^^"y" of *he segments wii4 tl^ c^ltZ^ t t^e 
magazine. Such sheets, if clear or translucent, also allow for visualization of the contents of the 

KrJSST"""*"^^'^^'*^^- S-^^heetscanalsobeusedtofot^*SS<^'^^ 

^^LwJil^'^^''! ^^""^ P'^^^t arrangement, the use of 

^^t^«ti K^^"*" faciUtated, yet differently sized articles can be 

accommodated by appropriate resizing means. Such resizing means can be mteeiallv formed 

F^T^X ^t^^^Z J?"^*™^*^ adapted to use these aspects of the invention, 
i^or example, wrth standardized bm segment sizes, standardized bin layouts, i e plau-o-erams 
can be used. When standardized bin segment sizes are used, their locS i^^S ^ ' 

a:^5iteri:Sreirf^^^ Thus.pre-sXro^Ue 

Sesf^?:-tM^faS^^^ 

thermoformed, molded or extruded plastic material. ITiese segnJ«.te prefeSbTv SSe ^ 
mtegrally fomied therewith, in addition to means for allowinX^aS to m^"t^ a 

S!f ' K ^ f ^ *® "^^'^^ cross-section of the segment so that differenfly sized 

T^r^t ^^Sr^^*"^- P"f*^"^°^«> if desired, additrnal means cZj^oJid^or 
supporting the articles and preventing the weight of articles stored in an upper portion of flie 
column from cnjshing or otherwise damaging articles stored in a lower poS S "col^ 
^^^S^"f accordance with these techniques is particuiZ co^!eSS 

smce the article supporting tabs and/or resizing portions are '-built-iJ ' to the AeSoS ' 
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molded or extruded process, thereby saving assembly labor and secondary component cost, as 
well as the costs associated vnUi the extra mventory . 



5 BRIEF DESCRIPTION OF THE FIGURES 

[0026] Fig. 1 is a front perspective view of a vending machine constructed and operating 
m accordance with the principles of the invention. 

[0027] Fig. 2 is front perspective view of the vending machine of FIG. 1, with the front 
1 0 door open, so as to illustrate the main mechanical and electrical components therein. 

[0028] Fig. 3, illustrates the interior of the vending machme of FIG. 1, with certain wall 
portions shown cut-away to aid visualization. 

[0029] Fig's 4A, 4B and 4C illustrate the use of stackable bm segments, in combination 
with flexible "anti-cmsh" tabs for preventing crushing of articles stacked lower in the column 
15 by the articles stacked thereabove. 

[0030] Fig. 5 illustrates a cross-sectional top view of a vending machine such as shown in 
Fig. 1, having .an exemplary article storage plan-o-gram. 

[0031] Fig. 6 illustrates isometric, side and front views of a bin magazine for positioning 
on the left side of the vending machine storage area. 
20 [0032] Fig. 7A illustrates front, side and isometric views of a bin magazine for positioning 
in the center of the vending machine storage area, and Fig 7B illustrates a support bracket and 
clear front wall useftil in any of the forenoted bin magazines. 

[0033] Fig. 8 illustrates front, side and isometric views of a bin magazme for positioning 

on the right side of the vending machine storage area. 
25 [0034] Fig.'s 9 and 10 illustrate the bin magazine of Fig. 7 in an open position, with and 

without, respectively, a partial loading of article storage bins therein. 

[0035] Fig. 1 1 is a photograph of the front view of bin magazine 504. 

[0036] Fig. 12 is a photograph of die front you a bin magazine 504 in an opened position 

so as to show the article storage bins therein. 
30 [0037] Fig. 13 is a photograph illustrating one technique for loading a bin magazine of the 

type described herein with a replacement article storage segment. 

[0038] Fig. 14 is a photograph illustrating the bin magazine of Fig. 8 in position in a 

vending machine. 

[0039] Fig. 15 is a photograph illustrating a vending machine ftdly loaded with bin 
35 magazines in accordance with the present invention. 

[0040] Fig, 16 illustrates top, side and isometric views of exemplary bin segment 

including an article resizing insert in accordance with one aspect of the present invention. 

[0041] Fig. 17 iUustrates a bin segment similar to that of Fig. 16, but which has an article 

resizing insert adapted for articles of a different shape/size. 
40 [0042] Fig's 18 and 19 illustrate the article resizing inserts shown in Fig. 16 and 17, 

respectfully, 

[0043] Fig's. 20A, B and C illustrate an article supporting step formed in the article 
resizing insert of Fig 18. 

[0044] Fig's. 20D, E and F illustrate an article supporting step formed in the article 
45 resizing insert of Fig 19. 
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[0045] Fig*s. 20G, H and I illustrate an article supporting step and tab in the article 
resizing insert of Fig 18. 

[0046] Fig's 21 A and 21B illustrate a technique for foiming an article storage bin segment 
in accordance with one aspect of the invention, using vacuum thermal-forming techniques, and 
5 yMch also includes therein an article resizing profile. 

[0047] Fig's 22A and 22B illustrates an alternative embodiment of an article storage bin 
segment formed using vacuum thermal-formmg techniques, and which incorporates differently 
shaped article resizdng profile. 

(0048] Fig 23 illustrates a further resizing technique. 
1 0 10049J Fig 24 illustrates alternative technique for forming article supports inside the bin 
segments. 

[00501 Fig's 25 A and 25B illustrate isometric and side views, respectively of a bin 
magazine reloading assistance tool. 

[0051] Fig 26A illustrates a fix>nt view of bin dividers and a top view of the floor portion 
15 of a bin ma^zme of the present invention, and Fig 26B illustrate isometric view of the bin 
magazme of Fig 9 having some of the dividers of Fig 26A mounted therein. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

20 [0052] FIG. 1 illusteates as an environment of the invention described herein, an article 
merchandiser, such as a point-of-sale (POS) article dispenser. Although throughout the 
following description, reference is made to implementation of the invention in a vending 
machine environment, it is intended that the term 'Vending machine", and in feet the 
environment of the present invention, include more general purpose article merchandising, 

25 haridUng, retrieval and/or dispensmg apparatus, as well as POS equipment. Such equipment, if 
embodied as a portable device may comprise and be about the size of a traditional vending 
machine or as large as a tractor-pulled trailer, and if embodied as a non-portable device may 
compnse an automated dispensing room or an area located in a permanent structure, such as in 
a building (vfifb. or without interior walls and in some embodiments without an enclosing 

30 cabmet). Such an automated dispensing room could be easily constructed using the article 
dispensmg mechanism and article storage techniques as described herein. For example the 
article dispensing mechanism can be mounted on the ceiling of the room, and the entrance door 
mto the room can be replaced with a door having features similar to the vending machine door 
desCTibed herein. The article storage bin arrangement and techniques of the present invention 

35 can be used to store the articles to be dispensed on the floor in the room. It is also noted that 
throughout the following description similar reference numerals used in the subsequent FIG.s 
are mtended to refer to the same feature, element or part previously described. 

[0053] Accordingly. FIG. 1 illustrates a perspective view of a vending machine 10 
40 compnsing one embodiment for an apparatus that is constructed and operates accordmg to the 
present mvention. Vending machme 10 includes a main cabinet 12 and a front door 14 
mounted on a hinge 1 6 for providing access to the interior of the vending machine for servicing 
(refiUmg it with articles, maintenance, etc.), such refilling using the methods and apparatus of 
the inventions to be described. Note, in a fiirflier vendmg machine embodiment, a service door 
45 or access port to the interior of cabinet 12 could be positioned anywhere on or as a part of 
cabmet 12. hi FIG. 1, front door 14 is shown in a closed position, forming an enclosure with 
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main cabinet 12, the interior of which various components of vending machine 10 are housed 
as explained m mote detail below. 

5 Jr««l^n. Kw^J'l**''?^ 14 includes a convex-shaped display face panel 18 (commonly referred 
5 to as a «T,ubbl^' front); adjacent a flat section 20. however, these particular shapes are not 
necessaiy for the mvention. For example, convex shaped display fece panel 18 could be flat. 

?i!f^^ i!.^^^^ *° "^^^^"^ ^4 ^ Perimeter frame 9 of conventional 

des^ In fee illustrated embodiment the display face panel 18 is back-lit using fluorescent 
bulbs, not shown, to enhance the visibility of its graphics, and may therefore comprises a 
1 0 tanslucent plastic base matenal, such as LEXAN ® or similar polycarbonate, having a 

thicfaiess of, fiwrejrample 0.1 15 inches. Display panel 1 8 typicaUy has brand name md/or logo 
graphics pre-pnnted or screened on an interior &cing side thereof and may even inchide 
graphics which Illustrate the individual articles that are vendible by vending machine 10 as 
weUasthepnceand/or selectioninformationforthearticles. smacnme iu,as 

15 

Ell, ^ ^^^st^^er retrieval area 22 is formed in the panel 18 on door 14 so that articles 
stor^ therein can be discharged to a user of vending machine 10. In a further embodiment, 
area 22 can be formed on flat section 20, or another waU of cabinet 12. 

20 100561 Various user interface components are mounted on flat section 20 of door 14 A 
S^Ttet? J- f ""^^^ ^ conventional fluorescent or LED display panel for displaying 
various Items ofmformation to a user of machine 10, such as feedback to the user of the 

^°™f '^^^ ^ °^ ^^^S For accepting 

paymente,a1>iU acceptor slot 26 accepts paper money into a conventional biUa^^ ^ 
25 mechanism (mounted inside machine 10 so as to have its user interface portion extend through 

slot 28 accepte corns mto a conventional coin changer (also mounted inside machine 1 0 so as to 

change. A com return actuator 30 comprises a conventional push-button mechanism for 
30 activating a a,m return portion of the com changer mechanism which, upon actiiation retiims 
corns mserted by the current user, to a com retiim weU 32. The coin ^tL portion of Ae ^n 
changer mechamsm also provides change to the coin lehim well 32 either in response to the 
^ZfSTt }^ °f fo*^ paper money or larger coins. A credit/debit 

cardslot34acceptsaplasriccredit/debitcardmsertedintoaconveStional^ 
tw?r'" ^T'f ^^l^'l^^ 10 so as to have its user interfece portion extend 

^if ^- ^ *° P^y ^^'^ purchases via credit/debit cards. A door 

^^Tt ""^^^T 3« enables front door 14 to be secured so that it camiot be opened 
I^^r ' f selections, display panel 18 may include graphics, as noted 

40 ^i Lnh • *f "^"^^^ "^^l^^^' as well as their associated 

fn Kr'^*^'*'*''' ^ *^«»^^^nti°°al keypad push-button mechanism 38 is 

well lS^^ ' T^- ^ ^^^^^"^ P^^^ ^^^J^ article selection. S 

weU known In a further embodiment a user operated touch screen could replace pushbutton 
mechanism 38 and display 24. Although not shown in FIG 1, machine 10 aLri^cSs a 
Z^T"^^ telecommunications component that can be used for authenticating^ 
purchases, as well as other uses relating to machine control and reportmg the invented 
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operational status of machine 10 to a remote location, as well known to those of oidinary skill 
in this technology. 

[0057] Although vending machine 10 is illustrated to include the above described user 
5 interfece components, in a more minimal embodiment of the invention, most, if not all, of these 
^ user interface components could be omitted, and the dispenser could in feet be controlled fiom 
a remote location, with or without a local payment system. 

[0058] FIG. 2 is front perspective view of the vending machine of FIG. 1, with the front 
1 0 door open, so as to illustrate the main mechanical and electrical components therein. FIG. 3 is 
a somewhat idealized version of the main components of the article handling mechanian 
portion of vending machine 10, and is usefiil for understanding its general operation. Note, 
some portions of vending machine 10 are shown in these FIGURES cut away in order to bettCT 
illustrate the interior components. 

15 

[0059] As shown in FIG. 2, the right portion of the front of cabinet 12 includes a vertically 
mounted support panel 202, which is used for mounting most of the user interface components. 
A hmged mounting bracket 204 is mounted on panel i202 and aligned with an opening in door 
14 so that the user interface components, such as the selection button keypad 38, coin insertion 

20 slot 30, biU acceptor slot 28, com return 32, and customer display 24, are all accessible to the 
user from the front side of door 14. Mounted on the interior of front door 14 are two 
fluorescent bulb light sources (not shown) that emit light for backlighting i»nel 1 8. The 
fluorescent bulb light sources are behind protective covers 206 so as to provide security (vandal 
protection), which is desirable as a resuU of the slot openmgs (not shown) in the structure of 

25 door 14 which aUow for insertion of the fluorescent bulbs. Also mounted on the interior of 
front door 14 is a article delivery chute 210, and a ballast 208 for supplying power to the 
fluorescent bulbs. Note, the article delivery chute 210 is unconventional in that it is extremely 
tall, and therefore serves as a security measure to help prevent unautiiorized access into the 
machine by insertion of an arm or other grasping mechanism into the customer retrieval area 22 

30 from the exterior side of the machine. Li typical prior art vending machines, a swinging 

security door is usually found in chute 210, which swings into a vandal blocking position when 
the customer pushes in the swinging door at the entrance to ttie article retrieval area 22 In a 
frirther embodunent of vendmg machine 10, such a swinging security door could be used in 
conjunction with article delivery chute 210, especially if chute 210 is not as tall as the one 

35 illustrated in FIG 2 and also if the article retrieval area 22 is located higher up on machine 10. 
Mounted behind hinged mounting bracket 204 is a conventional bill acceptor mechanism for 
causmg paper money inserted into bill acceptor slot 28 to be drawn into vending machine 10, a 
conventional coin changer which accepts coins mserted into com insertion slot 28 and supplies 
coins to coin return well 32, a magnetic card reader, and a conventional biU vaUdator which 

40 ascertains proper insertion of pe^er money into bill acceptor slot 28 . 

[0060] The interior of cabinet 12 substantially comprises a storage area 215, wherein a 
plurality of a vertically aligned bins 216 having open tops, store tiierein stacks of articles to be 
vended. Although in tiie illustrated embodiment a robotic article dispenser comprising a 
45 suction gripper at the free end of a suction hose 220 (shown more clearly in FIG. 3 as 224), is 
used to dispense tiie stored articles, such type of mechanism is not required for the present ' 
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invention, and in fact any type of dispensing mechanism could be used which would be able to 
retrieve articles fix>m the open ends of the aligned colimms. In the illustrated robotic dispenser, 
a hose positioning mechanism is coupled to the suction hose 220, and comprises: a carriage 218 
which includes a driven "pinch roller'* aligned for driving hose 220 in the vertical (Z) direction, 

5 a beam 230 from which carriage 21 8 is slidably suspended and adapted for motorized 

movement therealong (in the front/back "Y" direction); and a slider arrangement (not shown) 
mounted in the left/right "X" direction at the top underside of cabinet 12, to which beam 230 is 
slidably suspended therefrom and adapted for motorized movement therealong. In the 
operation, a blower motor (not shown) provides suction to said hose 220, and the hose 

1 0 positioning mechanism controllably positions hose 220 to enter a selected bin 21 6, contact and 
become secured to an article at the top of the stacked in the bin, remove the selected article and 
position the article in the delivery chute 210. As noted above, although a robotic dispenser is 
described herein, it will be clear that the principles of the invention are not particular to any 
type of dispenser nor its dispensing arrangement and thus a gravity feed or article grasping 

1 5 claw-type dispenser, to name just two types of dispensing arrangements, could alternatively be 
used. 

[0061] A control board 212 is mounted on panel 202 and comprises a printed circuit board 

on which circuitry is formed and to which integmted circuit chips are attached. A power 
20 supply 21 4 is also moimted on panel 202 and supplies power for the electrical components of 

vending machine 1 0. Control board 212 includes a microprocessor that is electrically 
' connected to various sensors, hose positioning motors, flie above described user interface 

elements, as well as other devices within vending machine 10, to control the operation of 

vending machine for dispensing articles, in a maimer that is well known to those of ordinary 
25 skill in this technology. Accordingly, further description of the constmction and operation of 

the remainder of the basic electrical components/functioning of Ifae vending machine is 

believed to not be necessary. 

[0062] Referring now also to FIG 3, it is apparent that the bulk of the mterior of cabinet 
30 12 is available as an article storage area 215. Storage area 215 includes a plurality of vertically 
aliped article storage bins 216 arranged on the interior floor 217 of cabinet 12. In a 
refrigerated environment for the present invention the bins could be arranged to sit on a shelf 
positioned above the refrigeration system. Such a shelf could comprise the entire floor area or 
only a portion thereof, such as a shelf at one side of cabinet 12, which encloses electrical and 
35 refrigeration equipment used for operating the vending machine. FIG 14, to be described later, 
shows use of such a shelf on the right side of cabinet 1 2, which supports a magazme holding a 
group of bins 216, about a foot above an electrical enclosure. This space could be used for 
housing refrigeration equipment, which air ducts placed about the interior of cabinet 12 for 
distributing the cooled air throughout area 215. Alternatively, such refrigeration equipment 
40 could be placed at the top inside portion of cabinet 12 above the robotic dispenser arrangement, 
or even above the outside of cabinet 12. Bins 216 are specifically designed for supporting and 
storing fragile articles 223 to be vended by machine 10. Further details relating to bins 216 and 
structures for use therewith are known, for example, by the additional text and Figures of the 
forenoted PCT Application PCT/USO 1/1 6847, which is incorporated herein by reference. 
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[00631 An open-top container 219 (shown in FIG. 2) is dimensioned to hold a plurality of 
article storage bins 216 therein, and used, for example to faciUtate the simultaneous handling 
(i.e., removal installation and transportation) of the plurality of bins 216 into/out of the article 
storage area 215. Container 219 also facilitates rapid and accurate positionmg of a plurality of 
the article storage bms into the storage area of the article handling apparatus. More 
specifically, the mdividual article storage bins can be pre-fiUed with fresh articles and 
prearanged within the container 219 at a warehouse, and transported by the operator to the 
vending machme m order to rapidly, efficiently, and without error replace all or substantial aU 
of the mvento^ of the vending machine by merely exchangmg a new container 219 with the 
^d contmner 219 presently m the machine. The removed container 219 can then be replenish 
with fresh article by the operator back at his truck or at a warehouse, and then used for 
swapping^eplacement in a subsequent vending machine. This "swapping" technique facilitates 
rapidly, efficiently and without error changing all or part of the layout of the artide seSo^T 
^^r'"'^!'^^ "Plan-o-gram". of the vending machine. It is noted. however.Xt 
teymg to refill die bms m contamer 21 9 with new articles to be vended becomes problematic 
due to. for example, the length of the bins. The present invention provides various methods ' 
and apparatus that unproves upon the basic technique of using container 219. 

[0064] The forenoted carriage 218 portion of the article handling apparatus (which 

' generally referred to as an X-Y or planar positioning mechanism) is 
twi!l!?i ? TT- ^''^ol? °/«^''^"«* 12 and adapted for being controllably positioned by 
tihe comrol board portion 212 of machine 10. to a location centered over (so as to be aligned 
with) the open top-end, i.e., dispensmg end, of a selected one of article storage bins 216 

ISi . vertical (^axis) aligmnent of the article storage bins 216 is shown, non- 

fo^dt th; Ti.^ T"" ''^'^^"'^ ^""'^ be possible ^chZ 

found m the weU know glass fi:ont vending machines of the type using a "spiral wire" type S 
dispensmg apparatus). In the event of substantially horizontal aUgmnent of the storage wL 
tiie planar positionmg mechanism will be appropriately changed so as to position cairiaee 21 S 
for movement in the X/Z or Y/Z plane, fa feet, a cundWplane! ^ch L a cySi^faJso 

^zSv°,^"?^f rLcombiS^^'n JsubSr^^^y 

honzontally ahgned stacks of articles with aroboticaUy contmlled article transport mechSn 
which moves m a vertical plane adjacent to dispensing ends of the stacks S^es^s CT 
for^^ple m US patent 6.230.930 (assigned to Grass-Given) issued May 15 2001 ^d 
enhfled METHOD AND APPARATUS FOR VENDING ARTIC^Esfa^d in US riS 
f^o^lS]'^ 2001/0000609 (assigned to Coca Cola) pubUshed May 3. 200i:wSl 
ncorporated herein by reference. The article storage methods and apparatus of the present 
invention could find use just as well in an article dispenser of the type noted above. 

^0661 Use of a curvilinear plane for article transport is also known, for example in the 
^deocassette vending art, wherem the videocassette's are stacked in an outwardrSg 
manner m a central storage carousel, and a robotic gripper encircles the carousel. Such a 

2??^^^ ^V^r^ "^^^^ T^^^ *° b« ^ ^t'ient enviromnent. bins 

216 could m fact the positioned in a refrigerated environment, such as a freezer located in ^ 
bottom of storage area217. and the article transport mechanism can entefS^iS; a t^^ 
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opening in the freezer, such as shown and described in the forenoted U.S. patent 5,240,139. 
Alternatively, in the event the refrigerated environment is of the type including a substantially 
horizontal alignment of the storage bins, a vertically oriented opening could be used to provide 
access to the dispensing end of the article storage bins. Even furthermore, the entire storage 
area can be refiigerated, rather than use of a separate thermal area, such as a freezer mounted 
therein. 



[00671 As shown more clearly in FIG. 3, an air hose 220 is continuous from a point before 
it's exit from a hose storage area 222 over orthogonally positioned rollers 213 (or otiier low- 

10 friction arrangement), to its free end 221. Free end 221 includes a weighted portion 225 in 
combination with a bellows extension tip portion 227. Depending upon the physical 
characteristics of the articles to be dispensed, article pickup head 224 may comprise only the 
weighted portion 225, or this portion in combination with a fitting specifically adapted to the 
type of packages to be dispensed, such as the bellows tip 227 (serving as an active suction cup) 

15 or a compliant tip without a wei^t. Hose 220 has one end coupled to a source of negative ah* 
pressure, i.e., suction, which source of suction comprises in.the preferred embodiment a blower 
motor 226, and a free end coupled to die article pickup head 224. In the present description, 
the word continuous is intended to mean a hose which is connected and acts between it's end 
pomts, in order to accomplish the ftmctions required by it. as a unitary/single hose, i.e., one 
• 20 than one hose can be coupled together to act as a single hose. Such a continxious hose is not 
required for the present uivention, but using one allows for a compact article grasping 
anangement 

[0068] An air hose portion 235 provides suction from blower motor 226 to one port of an 

25 air junction box 229, while continuous hose 220 is connected to a second port of air junction 
- box 229. Air junction box 229, included at a top portion of hose storage area 222, includes an 
airflow sensor and vacuum breaker assembly. The airflow sensor is used to develop a signal 
which is applied to the controll^ of the vendmg machine and is rqpresentative of die airflow 
through air hose 220. The vacuum breaker assembly is used to quickly bring the air pressure in 

30 hose 220 to die ambient pressure, thereby facilitating a "qmck-release" of an article transported 
by the article picki^ hea4 mto die dispensing chute 210. It is noted tiiat a quick release of the 
articles does not have to occur at the top of dispensing chute 210, and m die event diat it is 
desirable to avoid subjecting the article to forces which resuh from jarring or dropping, the 
article pickiq> head could proceed to die bottom of the dispensing chute 210 before providing 

35 release of die article, with or widiout the use of die quick release valve. In one embodunent, 
the auflow sensor arrangement may comprises a two-part switch, a first part includes a reed 
switch mounted on a top portion of box 229, and a second part includes a magnet mounted at 
the free end of a swinging arm mounted inside box 229. As the arm swings uiside box 229 due 
to changes in airflow, die switch is 'Hoggled", thereby indicating changes in airflow. The use 

40 of diis airflow signal wUl be described in greater detail later. In an alternative embodiment, die 
fimctions of die airflow valve and quick release could be built into die blower motor enclosure, 
or diey could be eliminated entirely. With diis arrangement, hose 220 would be continuous 
from the picker head all of the way to the blower motor, 

45 [0069] A clever hose positioning arrangement is provided for aligning carriage 218 with a 
selected one of bins 216. This aUgnment is accomplished in the front/back (Y) direction using 
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a front/back linear slide 228 (shown in a cut away view) mounted to an "L" shaped front/back 
beam 230 so tiiat carriage 21 8 can be controllably positioned therealong using slide 228. A 
bottom edge portion of beam 230 mcludes a rack portion 232 and carriage 218 includes an 
electric motor 233 that drives a gear (not shown) which engages rack portion 232. Application 
5 of forward and reverse motor control signals from control board 21 2 to motor 233 causes 
carriage 218 to be driven in the front/back directions. Alignment of carriage 218 in the 
left/right (X) direction is accomplished in a sinular manner, using a left/right linear slide 234 
which slidably couples the top side of front/back beam 230 to the underside of each of spaced 
apart left/right beams 236a and 236b. Beams 236a and 236b are rigidly attached to the inside 
10 top portion of cabmet 12. A rack 238, also rigidly attached to the top inside portion of cabmet 
12 and m parallel with beams 236, is engaged by a gear 240 driven by a reversible motor 243 
mounted near the inside comer of beam 230. Application of forward and reverse motor control 
signals from control board 212 to motor 243 causes a rotation of gear 240 and a correspondmg 
movement of beam 230. and hence carriage 218, in the left/right (X) directions. 

15 

[00701 Note that although carriage assembly 218 only moves in a smgle plane (yMch in 
the lUustrated embodiment is illustrated as bemg horizontal, but other orientations are possible) 
It IS responsible for precisely positioning pickup head 224 m each of the X, Y and Z directions ' 
More specifically, carriage 218 includes a roller arrangement (not specifically shown, but 

20 which may comprise three orthogonally positioned rollers at the point where hose 220 enters 
carnage 218) for redirecting the movement of hose 220 from the substantially horizontal 
direction along the top interior portion of machine 10 (i.e., in the X,Y direction), to a direction 
perpendicular tiiereto (i.e., in tiie Z durection). Thus, movement of carriage 21 8 will move the 
article pickup head 224 at tiie free end 221 of hose 220 so tiwt it can be aligned witii tiie 

25 longitiidinal axis of a selected one of bins 216. Thereafter, a hose drive mechanism (not 

specifically shown, but which may comprise a set of conventionally operated "pinch rollers" 
earned by carriage 218), is driven by a reversible motor 508 for driving pickup head 224 
into/out of tiie selected bin 216 m order to retrieve articles stored therein.. In tiie Ulustrated 
embodiment tiie hose drive mechanism is mounted in carriage 21 8, but in a further embodiment 

30 motor 241 and tiie pmch rollers, or some otiier drive mechanism, such as an articulated arm, 
could be mounted so as to act somewhere else along tiie length of hose 220 so as to enable 
driving of pickup head 224 into/out of a selected bin 216. Alternatively, carriage 218 could 
carry a reel or drum for dispensing hose 220. 

35 [0071] This anrangement, where hose 220 travels in tiie same X,Y plane tiiat carriage 218 
travels, facilitates a compact hose positioning and drive mechanism embodiment for tiie present 
invention. 

[0072] Since hose 220 is formed of a continuous material from its connection to tiie 
40 ^tionary source of suction at one end (which connection in tiie iUusti^ated embodiment is at 
tiie vacuum junction box 229) to tfie movable pickup head 224 at its oflier end, means are 
necessary for providmg hose storage and/or reti-action during travel of tiie pickup head 224 in 
the X, Y and Z directions during tiie article dispensing operations. 

45 [0073] A hose storage area 222 is formed by placing an interior wall 246 parallel and 
adjacent to an exterior waU 248 of cabinet 12. Walls 246 and 248 are shown in FIG. 3 as 
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partially cutaway so as to illustrate a gravity feed self retracting loop 250 in hose 220. Loop 
220 IS constrained for movement within hose storage area 222, and made self retracting by 
prov^ a rolling weight 252 having a groove 253 along its periphery in order to proSde 
^nstent oentenng of the weight within hose storage area 222 and providing a constent "loop 
fomnng" tension on hose 220 Furthermore, centering of the grooved roUiSg weight 252 wUhin 
hose storage area 222 results in centering of hose 220, thereby preventing hise 220 from 
rubbing with the walls of hose storage area 222 during X,Y and Z repositioning of pickup head 

^ to prevent bmding of hose 220, rolling weight 252 is dimension^ so as to be 
slightly larger than the diameter of hose 220 and the Avidth dimension of hose storage area 222 
IS dimensioned to be only slightly larger than the width dimension of rolling wdght 252. 

[0074] It is also noted fliat this gravity-based retraction/ hose storage technique meets the 
SS,'t^'^^"'T ""T^^ the X and Y movements of carri^e 21 8 (left/right and 

fiont/hack) as weU as for &e Z movement of pickup head 224. Of cou^e this gravi^based 

h^iT '^"^^^ t«^^q«f would work equivalently well in an embodiiSnt vLiein the 
robotic hose posihonmg mechanism used a rotary type device (R, 8), an articulated arm, 

°' technique. Furthermore, the iUustrated gravity-based 
retracW hose storage techmque is not necessary for the present invention, and in fact a fully 
or partially motorized retraction technique could also be used. Furthermore, in other 
en*o<hments, it may be desirable to place hose storage area at another location, such as parallel 
totfaetoporrearportionofcabinetl2. «>iw«uici 

ilSt. fi.^ ^f^;;'"onm^t of the present invention, it is noted that FIG.'s 2 and 3 also 
h^Z t thehosei)osi1ionmg arrangement causes an article 223 to be moved by pickup 
S^fi ^.f"*"" ^ storage bm 216 to chute 210, it is positioned past an article identification (ID) 
d^ice 254 mounted withm cabinet 12. Although an article ID device is not required for the 
present mvention, dependmg upon system requirements, such a device may be used. The ID 
device may compnse, for example, a bar code scanner or other optical image/pattern 

or even anon-optical system, such as aradio frequency identification 
UO-ID), or magnetic-based system mounted witiim cabmet 12, for uniquely identifidna and 
confirmmg tiiat the article being dispensed is in feet tiie article that w^ Je^i ^ 

Si ho J 9t'>'^'^*^ °' code recognition uniquely identifies the transported article to 
contiol board 212 and can be used for inventory management, as well as operational control of 
voiding machme 10. Article ID device 254 is mounted within cabinet 12 a?a relativdySi 
^ZTJ'y.T'^'^^^^ '"^""^ ^^"^^ ^ the orientation of aSSe 

^^nJ LZlK^'''''^^' " *° ^"^^ ^ "^i^^" °f being 
th;f/°"fid««<^e of the transported articles bemg identified. One way to 

T"'^^^' ^""^ ^ ^^^^"^ 254 would be to mount it on a piezoetecMc 

'•^S^f m d?v^!^9S''r. P^'^^ ^ *° ^« ^"I'^t^^to ^ to shift the 

25?^nif • 7 J , xi* !f hy using an appropriately positioned article ID device 

df^S "^^"^f ^^"^^^ ™^ particularly usefiil for a robotic^ 

ihT^l • T ^ ^^""l ^'P^^*"' ^ controllably position, and re-position if necessary^ 

'""t?^ "'"''T' r*^^^ ^"^^'^ 254. tiiereby helping eisure a reliable ffiS 
tiie article. Hie construction and operation of such article identification devices are v^ll kSown 
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to those of ordinary skiU in this technology, and therefore further description in this regard is 
not necessary. e«iu.ia 

[0077J A bm holder 260, shown in FIG. 2, comprising in the illustrated embodiment a pair 
5 of rectangular brackets 260 secured in a spaced manner to opposed interior side walls of 
l " ^° maintain the bins situated therebetween in a predetennined position 
relative to the mtenorofthe vending machine cabinet. This is required m view ofie pre- 
programming of control board 212 so lhat the controller knows the precise X-Y position of 
in f f \ !S .""^ thereafter control the robotic structure so as to allow it to corrwtly retrieve a 
1 0 selected article from a predetermined one of bins 216. 

10078] As described above, positioned Inside storage area 215 is a plurality of axially 
ah^ed article stonng bins 216, with a central group of the bins arranged for simultaneom 
handhngbytiie macrobox 219. Additional bins are shown being individually positioned within 
15 storagearea215soastofiUthatportionofarea215wWchsurr?undsmacrobox2 For 
sunultaneously handling a plurality of the article storage bins for refilling, the vending 
maclune, service per^n need only perform a single action, removal of the macrobox from the 
Storage area 215 Although this arrangement greatly speeds up the article re-loading of the 
storage area of the vending machine, it is still required that the individual bins be r«noved from 
ti^e macrobox m order that they can be re-loaded with fresh articles. Removing tall bms horn 

Furthermore, maintaining a 
FIFO order for Ae articles dunng refilling can be problematic due to the length of the storage 

T'^' ^ Possibility that after bin refilling, some of the bins v^he 
^ ^ ^ P°^:t»°^ ^hich is not a predetermined position for that bin. "niat is, 

there is a specific «plan-o-gram" or matrix for the bins, and if the plan-o-gram is madvertentiy 
Sl!j;"^"!2f °f ^^^^^^^ r bins_within _the macrobox (and the controller 
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^fiu^ 1 . . uis, luoi^xuuuA liulu me comroiier 

nfj^^nc? "T^^i ^^V^P'l^ted), then the article handling mechanism wiU retrieve and 
^Sae^S *° ^""^ improvement in 



SL- patent application PCT/USO 1/1 6847 also describes the use of bin segments for 

facihtatmg a more rapid and trouble free re-loading of individual ones of the article s^,rage 

semente m?r«SH"^"? I'^'l^'^' ""^^"^ ^^e use four bfns 

se^nente 1202 (also descnbed m the forenoted PCX application), for forming a fiill height bin 

1 us^^d tJerff^""; facn tates FIFO since it is a relatively sunple maL to replL Zy 
a used, and therefore empty portion of a bin column, and place the segments loaded v^th fresh 

SmS^om ur' "^"^ fiU f paSai^'Sl c^^ 

40 [0080] FIG 4B herein shows a cross-section of one of the segments 1202 and illustrates the 
eSefd fS? "antlK^rush" tabs 1302 (also described in the forenoted PCT appUcaSon^cf 
expend from opposed walls of the segments 1202 into the interior storage space thereof. iSei 
tabs are pre-formed so as to have a preferred direction of bend, which is easily bent in tfie 

upward direcnon and much more difficult to bend in the downward direction.^ 
45 ^ey will easily bend out of the way as articles are being moved in an upward direSSSe 
article storage columns ( and therefore not disturb the articles during dispensing), but not e^ily 
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move out of the way while Ihe articles are sitting thereon. As shown in FIG 4C, these tabs at 
least partially, and preferably fully, support the weight of articles 1 304 stored in the segments 
1202. Additionally, due to this bi-directionality of the anti-crush tabs, it is more difficult to not 
adhere to FIFO practices when refilling the segments. These anti-crush tabs can be attached to 
5 each wall of the bin segments in an opposed manner, or can be on only adjacent walls (i.e., 
comers), or can alternate their position m place of being opposed, or a combination of opposed 
and alternating (i.e., altemating comers), whichever is appropriate for the particular articles 
being stored therein. Altemating opposed tabs may be particularly advantageous where there 
may be a tendency for articles to be dropped by the pickup head 224. When altemating tabs are 
1 0 used, the article is allowed to 'tilt" in one direction as it moves past a tab on one side, and then 
tilt in an other direction when the article moves past the opposed tab. 

[0081] Different materials can be used to make tabs of different flexibility, as may be 
appropriate depending upon the weight of the articles and the vertical spacing between the tabs. 
15 In operation, segments 1202 can be prefiUed with articles before the segments are brought to 
the machine 2 for re-stocking, or they can be filled by the vending machine operator when she 
arrives at the machine. 

[0082] Although this technique provides a quicker method and apparatus for refilling bins 
20 1200 with articles to be vended, it does not appear to lend itself particularly well to use with 
article storage bins which are to be grouped for sunultaneous handling, such as by use of the 
macrobox technique described above. When the bin segments are grouped so as to form a ftdl 
height bin 1200 and placed in a macrobox, the fiill height bins must still be removed from the 
macrobox in order to be broken down mto bin segments in order to be re-stocked with articles 
25 while maintaining a FIFO ordering of the articles. Additionally, there is still the possibility that 
after the filled bin segments are assembled into full height bins, if the bins are placed in the 
macrobox at a position which is not m accordance with the specific ''plan-o-gram'' or matrix for 
that machine (and the controller of the vending machine is not updated), then the article 
handling mechanism 5 will retrieve and dispense incorrect articles to the customer. 
30 Improvement in at least these areas would be desired. 

[0083] It would be desirable to maintain the advantages of simultaneous bm handling 
using the macrobox technique, without losmg the benefits of rapid FIFO bin refilling as know 
by the bin segment technique. Additional advantages are also desirable. 

35 

[0084] It is noted that in my prior provisional patent application 60/388, 620 ffled 
June 13, 2002, a replaceable article storage device using a bin magazine, and novel 
segments and other accessories useful therewith, is disclosed. Attachment A is a copy of 
that patent application. The present application describes further improvements in these 
40 and additional related areas. 

[0085] Where not inconsistent, the methods and apparatus described in Attachment A 
can be used with the methods and apparatus described herein. For example, in Attachment A 
there is described an alternative embodiment for the guidance of the columns in the bin 
45 magazine, wherein instead of dividers and wall portions forming the columns, there are a 
plurality of sets of vertical tracks arranged on a lateral wall which spans the center of the bin 
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magazine, and the segments slide along those tracks to fomi the article storing columns. A 
further embodiment describes bin colunms carried by a movable bin guidance structure, vAtete 
the columns are hmged so as to "swing out" from the guidance structure to enable the colximns 
to be more easily loaded with fresh articles. Embodiments described in Attachment A such as 
5 these are fiilly compatible with the embodiments described herein, and are therefore fiilly 
incorporated herewith as if they were repeated in fiill, 

(00861 Additionally, it is noted that although one preferred environment for the mventions 
described herein would be in a vending machine of the type shown in FIG. 1, namely one using 

10 a robotically controlled article gripper for retrieving/dispensing stored articles from a plurality 
of axially aligned, vertically positioned, article storage columns, tiie invention may just as 
easily find use in the storage area of an article handling apparatus which is not a vending 
. machine, and the article handling ^paratus does not necessarily have to be a robotically 
controlled article gripper, nor do the article storage columns need to be vertically oriented. 

1 5 That is, any type of article gripping mechanism can be used, the mechanism can be either 
manually or automatically controlled, and the article storage columns can be horizontally 
oriented or at some angle which is in-between vertical and horizontal. These are only some of 
the variations, including those abeady described in Attachment A that can be made to the 
present invention and the environment where it may find particular use. That is, the bin 

20 magazines of tiie present invention could carry colvimns that are horizontally oriented, and 

provide access to the dispenser mechanism at one end of the columns, and loading access to the 
colunm at an end of the colunm that is opposite the dispensing end, such as at the front and 
back, respectively of the dispenser. 

25 [00871 The present improvements are principally found in the following area: the layout 
or "Plan o gram" for tiie article handler (i.e., a removable left bin magazine, a removable right 
bm magazine, and a removable center bin magazine); the center bin magazine being hinged- 
together (and a ramp for use to place the center bin magazine into the article stomge area), as 
well as various improvements relatmg to the article storing segments. Many variations are 

30 possible, such as hinging togetiier all of the bin magazines contained in tiie article handler and 
not just those in the center, etc. 

[0088] FIG. 5 illustrates a cross-sectional top view of a vending machine such as shown in 
FIG. 1, having an exemplary article storage configuration, commonly referred to as a plan-o- 
35 grani, which is laid-out in accordance with one aspect of the present invention. Plan-o-gram 
500 is arranged so that refilling of the vending machine with articles can be accomplished in a 
quick and reliable manner. In this embodiment, the article storage area is completely filled 
using tfu-ee bin magazines, bin magazine 502, 504 and 506, located on tiie left side, center and 
right side, respectively, of storage area 215. Bin magazines 502 and 506 each have only one 
40 row of article storing columns, while been magazine 504 includes four rows of article storing 
columns and comprises a cart. This arrangement takes maximum advantage of the 
unobstructed access into storage area 215, and uses bin magazine cart 504, to be described in 
greater detail later, so that the cart can be quickly, simply and reliably simultaneously moving 
an array of four article storage columns into and out of the storage area of the vending machine. 
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[0089] Note that differently sized and oriented article storing columns are used, as 
appropriate, in order to maximize usage of the storage area to accommodate desired articles. 
However, it is not economically feasible to have a great number and variety of differently sized 
columns. Accordingly, certain standardized sizes for the columns is preferred, and differences 
5 m article sh^es/sizes in accordance with one aspect of the invention, is taken into account by 
usmg mtegraUy formed resizing elements (described in greater detail later). In the illustrated 
embodiment, the larger columns of magazines 502, 506 and those on the right side of magazme 
504. can be used for items such as bags of salty snack foods (such as Dorito's ® potato chips) 
^f^^^ (^"^^ ^ Pop Tarts ®), while the narrower columns on the left side of magazine 
10 504 can be used for smaller items such as candy bars (i.e.. Snickers ®), etc. 

[0090] In the preferred embodiment, bin magazines 502 and 506 are initially positioned 
mto fteir respective place at the left and right sides, respectively, in article storage area 215 
and then magazme cart 504 is moved into position therebetween, preferably using wheels 

15 mounted on the bottom of magazine cart 504. Lme 508 illustrates the outer perimeter path of 
pickup head 224, which clearly shows that the top (dispensing end) of all of the article storing 
columns is accessible thereto. Cabinet 12 preferably inchides a shelf or other suitable 
mountmg area, which may also include a "key" arrangement (such as a series of pins in the 
cabmet back waU or floor which mate with a corresponding series of holes in the bin 

20 ma^ne), for one or both of supportmg/securing and/or guidmg into a predetermined position 
flie bin magazines 502 and 506. A similar "key" arrangement can be used for bin mag^e 
504 after it 1ms been rolled into place in storage area 215, one portion of the key arrangement 
lor lockmg the magazme into a position so it doesn't move after positioned, and a second 
porti on of the key arrangement to ensure that the position it is moved into is a repeatable and 

25 pre-determmed position for that bm magazine, after all, if magazine 506 was inadvertently 
switched with magazine 502 during servicing, the following customers would received 
erroneous articles. A shelf for supporting the magazine 506 is shown in FIG 14, and described 
later on. 



35 



30 p)0911 fIG 6 and 8 illustrate isometric, side and fiont views ofmagazmes 502 and 506 
Each magazme comprises a one by sfac array of columns 216, each column comprising a 
vertical stack of three article storing segments 512 (although in fiirther embodiments more or 
less segments could be used). Each of magazines 502 and 506 comprise a sled formed of a 
suitably strong material, such as sheet metal and includes a bottom rectangular portion 513 
havmg verticaUy oriented walls 514 and 516 at opposed end thereof, thereby fonning a U- 
shape for these magazines. Walls 514 and 516, and the wall therebetween which forms the 
back of magazine 502, can be formed of a single piece of sheet metal. A support wall 518 is 
positioned so as to span the front surface of magazine 502 between walls 5 14 and 516. A lower 
edge of wall 518 is positioned a predetemiined distance above the floor 513 so as to form an 
opemng at the bottom of magazine 502 which wiU aUow insertion into the lower portion of the 
article columns 216 of bin segments 512 which are filled with fresh articles to be dispensed. 
Use of this opemng, as will be described in greater later, also allows the upper segments to 
slide m an iq)ward direction when the lowermost segment 216 is raised, thereby making room 
tor the new segment. Replacement of fresh bin segments using this technique preserves a FIFO 
dispensmg order for the articles. A hole near the lower end of the bin segments can be used for 
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inserting a finger or tool to assist in raising the lowermost bin in the colunm so as to make 
room for a fresh bin, thereby preserving FIFO. 

[0092] In a further embodiment, upper and lower support brackets can be used in place of 
5 wall 5 1 8, and the space therebetween can be i^anned by a smooth LEXAN or PET plastic 

sheet, for reducing the weight of magazine 502, while providing a smooth surface for segments 
5 12 to slide along as they are raised during the column refilling process. This embodiment also 
advantageously allows the service person to actually see all the bins in the magazine, and 
thereby verify correct segment positioning and if ttie segments themselves are made of at least 
10 a translucent material to visually verify that the correct products are stored at the correct places 
in the bin magazine. It is also noted that in the event that the segments are not made using a 
clear or transparent material to aid visibility of the articles stored therein, the holes described 
herem which are used for lifting the segments, would also serve this visual inspection puxpose. 

1 5 [0093] The same type of material used to make wall 518 could also be used for making 
flexible dividers/guides fliat may be positioned between the columns of segments, for guiding 
and improving the "slideablity*' of the segments in the magazine. FIG 26B illustrates, in the 
interest of clarity, insertion of a few such dividers into bin magazine 504A. 

20 [00941 Slideability is unproved by the fact that the surface of the dividers covers/prevents 
any screws or other fasteners used for the formmg bin magazine, or any edges thereof, from 
hindering smooth movement of the segments during a refilling operation. In accordance with 
one aspect of the invention, such dividers also function so that when a segment is removed 
ftom a top of the column, the divider flexes into the space of the column, thereby blocking the 
25 insertion of an additional segment into the column fix)m the dispensing end thereof This action 
helps enforce FIFO refilling of the magazine. Although in FIG 26B dividers 91 6 are shown 
substantially straight, it is because altfiough the bin segment are not show positioned 
therebetween, the effect of the bin segments so positioned is still shown in the figure. 
Accordingly, only the very top of the dividers is allowed to flex/bend. 



[0095] In accordance with another aspect of the invention , such flexing also causes the top 
of the divider to serve as a "catch" or provide a retaining force to tiie top edge of the top 
segments , thereby making it less likely that an empty segment will be lifted up by the passing 
therethrough of articles being dispensed fix)m a lower positioned segment. Even furthermore, 
the flexible dividers provide a uniform and constant urging force between the segments, 
thereby helping to keep them in alignment with one another (and helping insure the accuracy of 
their position, as required to properly dispense articles in accordance the pre-programming of 
the article dispenser arrangement), as well as maintaining a snug/tight relationship with the 
segments of the adjacent column. If desired, the top of the dividers could have an additional 
bend or even an added protrusion so as to aid in keeping the top segments in place when they 
are lightened as a result of being previously emptied of articles to be stored. In an even further 
embodiment, a selectively removable bar could be positioned above the top segments in each 
column to help retain them during the dispensing operations, yet is movable to allow the 
segments to be removed during the refilling/servicmg operations. 
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[0096] In one embodiment, shown by FIG»S 26A and 26B, the dividers can be formed by 
cuttmg strips 916 out of a roU of PET, polyvinyl or polycarbonate sheet material, so that along 
their length, there is a natural and permanent curl 916' in the direction that the material was 
stored as a roll. AU the dividers used to form the columns in the article storage structure should 
6 then be placed so that their pre-set curl acts in the same direction between each of the columns, 
and the top ofthe dividers should extend slightly above the top ofthe top segment. Once the ' 
columns are loaded with segments, the longitudinal curl in the dividers is prevented from 
taking place, until a top segment is removed, as noted above, thereby curUng into the vacant 
space left by the removed upper segment, and helping to ensure FIFO by at least partially 
10 blockmg access into the column from the dispensing end thereof. Additionally, it is believed 
that the urgmg force which aids the tight fit between the columns is generated by a "cupping" 
ofthe dividers along their width, which may result from the adjacent columns forcmg the 
dividers to be straight along their length. This cuppmg aids a uniform tension fit between the 
adjacent columns. Due to the tendency ofthe dividers to curi, when a lower segment is 
16 r^anoyed, the divider on one side of the access opening formed by the removed segment, may 
shghtiy curl mto the access opening. This may not be au impedunent to the insertion of a new 
segment mto that openmg, since if the natural curl of all the dividers are in the same direction 
the mtmsion m the access opening by a divider at one side, will not happen at the opposite 
adewaU ofthe opening. In an alternative embodiment, if may be desireable to provide the 
20 dividers m paws between each column, with the natural curvature of one of each paired divider 
being opposed to the natural curvature ofthe other one ofthe paired dividers. Thus, there will 
always be at least one side of an access opening that has a smooth edge which will aUow at 
least a comer of a new segment to be loaded into the opening. 

25 [0097] The dividers could have an "I" shape at their lower end, so that ends 91 5 of the "P 
shape can be bent inward so as to match the curvature of slots 914 formed in floor 913 (also 
shown in FIG 9, to be described). After the ends of dividers 916 are so inserted, when the ends 
915 sprmg back to their naturally straight shape, they are trapped below raised floor 913 
Attachmwit m a manner like or equivalent to this is desirable in order to not only prevent the 

30 dividers from fellmg through floor 913, but also to prevent them from raising off the floor 
when bm segments adjacent thereto are raised. Additionally, such attachment locates the 
dividers at a predetermined desired position in the bin magazme, thereby mamtaining the 
centers ofthe bin segments at predetermined positions. Such predetermined positioning is 
unportant due to the pre-set programming ofthe robotic article pickup head 224.. A fiirther 

35 embodiment usefiil for attaching a divider to floor 913, is by use of a different shape at its end 
• as shown by divider 918. Here, a simple ninety-degree cut-out 919 at each ofthe lower corner 
allows use of shorter length slots in the floor, so that the slots are less detrimental to the 
sfructural integrity of the floor. The shoulders formed at the junction of fiill width ofthe 
dividCTs and Ae cut-outs 919 prevents the dividers from fellmg further into the floor. An «L» 

40 shaped bend 920 formed at the end ofthe dividers 918 results m a tab that is simple to angle 
and slide mto a slot hke 914 but without the angled end sections, and then result m the divider 

-l^T'^V^T'^. ^^""^^^ ^° ^ ''''^ ^ "P ^ adjacent bin segments are raised. As 
with the dividers descnbed m the priority documents, it is most important that the dividers be 
^T.^'^^^ ^Sher up in the magazine, their main fimction is to assist 

45 slideabihty ofthe segments in the columns. Alignment ofthe bin segments at the top ofthe 
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maga2dties is &cilitated by having and maintaining a tight fit of the adjacently positioned 
columns. 

[00981 FIG 7B illustrates such an alternative embodiment of wall 518 using upper and 
5 lower support brackets 518A and 518B. Brackets 518A and 518B are made using sheet metal 
having upper and lower longitudinal halves which are folded inward for additional longitudinal 
- strength. Such folding forms a hem which has an opening 518C in the center of the hem. 
Opening 5 1 8C advantageously serves as an attachment point for the plastic sheet material 5 18D 
used to form the remainder of wall 518, when the sheet material is suitably folded at its ends 

1 0 and inserted into the opening 5 1 8C. Preferably, the opposed upper and lower ends fo sheet 

51 8D are bent 180 degrees, and the lower bend is placed or slide into the hem of bracket 51 8B, 
and the upper bend is placed or slide into the hem of bracket 5 1 8A. Thereafter, tension can be' 
applied to the sheet 518D by suitable slight spreading of the distance between brackets 518A 

^ ^ aiKl B before mounting them to the walls of the magazine. 

[0099] A vertical retaining wall portion of floor 513 which helps to retain the lower bin 
stents 512 therein, includes a plurality of slots 522 therein which are aligned with the center 
of each column 216. Slots 522 faciUtate insertion of a tool or finger for raising of a lower bin 
segment in a column so as to make room for the introduction into the column of a tfew segment 
20 fi«shly loaded with articles to be VMided. 

[00100] FIG 25A and 25B illustrate isometric and side views, respectively of a reloading 
assistance tool 2500 which operates in conjimction with slots 522. Tool 2500 comprises an 
elongate structure, in this embodiment a rod 2500, having a segment Ufting hook 2502 near one 

25 end, and a tool retaming hook 2504 near the other end. A user handle 2506 is provided near 
hook 2504. The length of the rod between the two hook is slightly greater than the distance 
between the upper and lower edges of wall 51 8. The reloading tool can be used by the service 
personnel to aid reloading of the magazine with new segments, by facilitating raising bin 
segments 5 12, thereby providing ropm for tiie addition of bin segments fully loaded with 

30 articles to be inserted in the opening now provided at the bottom of the column. The hook at 
one end of the rod can be inserted into a hole or slot at or near the bottom of one of the 
segments 512. As shown in FIG 9 and FIG 25B, the floor 913 is actually a sub-floor, in that it 
IS raised so as to create a small space thereunder. This space allows the fijll length of hook 
2502 to be inserted under the bm segment to be raised, so that it can help support the items 

35 stored therein during the lifting process, and help prevent slipping of product out from the 
bottom of the segment 

[00101] After hook 2502 is inserted under the bin segment, the rod and bin segment can be 
raised by the service person until the lower edge of tiie segment 5 12 is raised to die point that it 
40 IS even with the bottom edge of wall 518. At this pomt hook 2504 is placed on tiie upper edge 
of wall 518, so as to hold the lowemiost bin segment in place. At this point in time, an opening 
at tiie bottom of tiiat colunm 21 6 is maintained, and bofli hands of tiie service person is 
available for removing ttie empty segment from tiie top of tiie column and putting a new 
segment into tiie bottom of the column. Accordingly, with one hand the service person can 
retrieve tiie empty bm segment tiiat is pushed out of the top of magazine 502 (which is put 
aside for refilling wifli fi»sh articles), while witii tiie otiier hand a replacement segment (one 
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loaded with articles to be dispensed)^ is inserted into the opening. Then reloading tool 2500 is 
removed by slightly raising it so as to release hook 2504 from the top of wall 518, and then 
lowered so that the bins that are above the opening are no longer held-up by the tool. This 
process is repeated at each colimin in the magazine until all of the empty (or even partially 
5 empty) bin segments are replaced. Partially empty segments can be refilled at the machine, or 
brought back to the warehouse for refilling with fresh articles. 

[00102] Replacement of articles into the storage are using this process results in a 
maintenance of FIFO requirements, since the articles stored in the magazine at an earlier time, 

10 are relocated in the column so as to be closer to the dispensing end of the columns than the 

newer/replacement articles. Thus, the older articles will be dispensed first. This process can be 
used with any of the bin magazines described herein, and allows for a simple, reliable, and very 
rapid refilling of the magazines with articles to be dispensed. Although use of a reloading tool 
is described to assist the serviceperson so she doesn't have to bend dovm during reloading, such 

1 5 reloading can be done manually by the serviceperson by bending down and inserting one's 
index finger into the lifting hole in the segment, in order to raise the segments during the 
refilling process. The photograph of FIG. 13 illustrates reloading without use of tool 2500. 
Note that the bin magazines have handles, such as handle 520 on magazine 502 to assist 
moving the magazine into and out of storage area 215. Skids or wheels can be included on the 

20 bottom of magazine 502 in order to aid its maneuverability, as well as the addition of handles 
520 on wall 514. 

[00103] The construction and operation of bin maga2ine 506 is substantially the same as bin 
magazine 502, and therefore fiarther discussion is not deemed necessary. 



[00104] Central bin magazine 504 is illustrated in FIG 7A in a closed position, and in an 
open position in FIG 9 and FIG 10. Magazine 504 is constructed and operated in accordance 
with principles of the present invention so as to allow a rapid refilling of the majority if not all 
of the interior portion of the vending machine. Since in the illustrated embodiment portions of 
30 the vending machine obstruct the lefl; and right sides of storage area 2 1 5, the magazine 504 is 
dimensioned to maximize the usable unobstructed access to the storage area, while magazdnes 
502 and 506 can be positioned into their locations at the left and right sides of area 215 before 
magazine 504 is inserted. 

35 [00105] Central bin magazine 504 is basically constructed by hinging two magazines 504A 
and 504B similar to previously described magazines 502 and 506, together. Note that each of 
magazines 504A and 504B, however, each hold two rows of article storage columns. As shown 
in FIG. 5, magazine 504A holds two rows of relatively narrow columns (usefiil for candy), and 
magazine 504B holds two rows of larger colmms (usefiil for larger items, such as bags of 

40 chips). In a further embodiment, if the usable unobstructed access to the storage area was 
. wider, perhaps left bin magazine 502 could also be hinged to one of the firont or back left edge 
of magazine 504A, thereby forming either a Z or M shape of three bin magazines. A set of 
wheels 701 mounted at the bottom of each of magazines 504A and 504B facilitate the moving 
of magazine 504 into and out of area 21 5. Additional bin magazines could also be hinged 

45 thereto, if there were sufficient unobstructed access space, so that in a fiirther embodiment, the 
entire storage area 215 could be reloaded by moving into and out of the dispenser using only 
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one •^umbo" bin magazine. The refilling technique noted above for the one by six row column 
of bin magazines 502 and 506 can also be used with each side of bin magazine 504, where a 
one by six row of colimms is accessible at each side of each bin magazine S04A and S04B. 

5 [00106] FIG. 7A also illustrates use of a magazine loading ramp 702, which in one 

embodiment can be hinged to the floor of cabinet 12 at the front edge of area 21 5, so it can be 
flipped up out of the way when not in use, and down to provide a ramp which will allow 
magazine S04 to easily roll into and out of area 215. Note, one side of ramp 702 includes a 
raised wall 704 which, in accordance with one aspect of the present invention, acts as a guide to 
1 0 assist safe and accurate movement of magazine 504 into and out of area 215. 

[00107] Additionally, in accordance with a further aspect of flie present invention, when 
ramp 702 is folded up after magazine 504 is loaded mto area 21 5, the wall 704 advantageously 
acts, in combination with the lower-right side of the bottom of magazine 504, as a 

1 5 positioner/guide to ensure that magazine 504 is in the same and proper position that it was in 
previously. Such proper positioning of magazine 504 (as well as magazines 502 and 506), is 
desirable in order that the progranmiing of the pickup head will not have to be changed in order 
for it to remain accurately programmed to find the center of each column. In a ftnther 
embodiment, the other side of ramp 702 could also include a wall portion like wall 704, but in 

20 the illustrated embodiment, a fixed-position magazine guide (not shoAvn) is positioned on the 
floor of cabinet 12 at the left edge of the opening into area 215. In an even fiirther 
embodiment, ramp 702 could slide out from the cabinet instead of hinge out, and could even be 
replaced with tracks that slide out or fold/hinge out from the cabinet. In order that the ramp 
704 not hinder with closmg of the door 14, and by being in the way of chute 210 (FIG 2), and 

25 present a smooth continuation of the floor of the cabinet to the wheels of magazine 504, in the 
actual embodiment, a pivoting hinge mechanism is provided at the outer edges of ramp 704. 
During operation, the top edge of ramp 704 is recessed into storage area 215 about 2 inches, so 
a one inch pivoting linkage is used to form the hinge between ramp 704 and the floor of cabinet 
12. 

30 

[00108] As noted above, in order that the programming of the pickup head will not have to 
be changed, it is not only critical that the magazine have a repeatable position within the 
storage area, but that the columns of bin segments within the magazine also have a repeatable 
position within the magazine. To help insure this, the magazmes include spacers, such as 

35 spacers 708 and 710 shown in isometric view of FIG 7A, which keeps the bins in tightly 

arranged adjacent one another. Spacers 708 and 710 would fill the space shown at the top of 
section 504A shown in FIG 5, and for aiding clarity are shown here as exemplary of the one 
type of spacer that can be used to prevent the position of the colunms &om changing due to the 
movements the magazines are subjected to during refilling/servicing. The colunm dividers also 

. 40 assist with keeping the columnar arrangement of bin segments tight, due to their above-noted 
''springmess. 



[00109] FIG. 9 illustrates bm magazine 504 in an opened position, so that hinge 904A, 
904Band904C are clearly visible, which hinges serve to join together the rear ends of bin 
45 magazine sections 504A and 504B. Handles 902 are usefiil for moving bin magazine 504 into 
and out of storage area 215, and a latch of conventional design (not shown), located beneath 
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handles 902 can be used to secure together bin magazine sections 504A and 504B after they 
have been serviced/refilled. As shown therein, maga2dnes 504A and B each include a raised 
sub-floor 913 of construction similar to floor 513 described in conjunction with magazines 502 
and 506, and includes slots which assist reloading of magazine 504 with fresh articles in the 
5 same manner as was previously described for reloading magazines 502 and 506. Each half of 
bin magazine 504 includes a divider wall 906, for further separating each half into a one by six 
array of columns 216. A solid divider wall 906 is particularly useful in that it maintams a 
smootii surface for the segments to slide over In an alternative embodiment, in an effort to 
save weight, wall 906 could be replaced with support brackets and a plastic sheet, similar to the 
1 0 alternative embodiment discussed above for wall 5 1 8 in conjunction with FIG 7B. 

[00110] FIG. 10 illustrates the hin magazine of FIG 7A, where portion 504A is shown fully 
loaded with bin segments. 

15 [00111] The following photographs are provided for further illustration of the above noted 
aspects of the inventions: Fig. 11 is a photograph of the front view of bin magazine 504; Fig. 
12 is a photograph of tiie front view of a bin magazine 504 in an opened position so as to show 
the mticle storage bins positioned therein; Fig. 13 is a photograph illustratmg one technique for 
loading a bin magazine of the type described herein with a replacement article storage segment; 

20 Fig. 14 is a photograph illustrating the bin magazine of Fig. 8 in position in the storage area of 
the vending machine of FIG 1; and Fig, 15 is a photograph illustrating a vending machine fully 
loaded with bin magazines in accordance with the plan-o-gram of Fig 5. 

[Q0112] Although the illustrated magazines 502-506 in accordance with the invention have 
25 openings formed on one or both of the front and back sides of the magazine, in a fiirfher 

embodhnent, the openings can be formed in the floor of the magazine, and new segments can 
be reloaded from directly below the column* 

[00113] As previously noted, in accordance with one aspect of the present invention, article 
30 storage segments 5 1 2 are provided for use in conjunction with the bin magazines, which 

segments are advantageously pre-filled with articles to be vended so as to minimize time spent 
reloading machme 1 0 with articles. Such pre-fiUing can advantageously be done by the 
operator by loading articles into the segments 512 back at the operator's warehouse, and even 
more preferably, the operator can purchase the articles to be vended directiy from the article 
35 manufacturer in a form where they are already pre-packaged in such segments, or paper sleeves 
which bundle groups of the articles and allow quick refilling of the segments 512. Segments 
512 can provide all of the functionality and advantageous of the prior art segments 1202 shown 
in FIG'S 4A-C herein, plus more. Of course one of the primary advantages is the time saved at 
• the vending machine during a typical refilling operation, however there are additional 
40 advantageous. For example, one of flie advantages provided by segments 5 12 is that they can 
include flexible "anti-crush'* tabs 1302 such as tiiose shown in FIG 4B herein, for at least 
partially, and preferably fully, supporting the weight of articles stored above the tab in the 
segments. Further embodiments for article segments will now be described. 

45 [00114] FIG'S 16 and 17 illustrate top, front and isometric views of segments 512 

constructed in accordance with one aspect of tiie present invention which are useful in the 
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described bin magazine. To have the advantage of economy of scale, and to allow the bin 
columns in the magazines to have a standard with, it is desired to minimize the nimiber of 
differently sized bin segments. Accordingly, a few standard sizes are generally chosen, and a 
portion of a bin magazine arrangement is dedicated to storing bms of that dimension and 
5 orientation, such as tibe row of bins in magazines 502 and 506, or one or both rows of bins in 
magazine 504A and 504B. Thus, segments 512 include, as necessary, resizing elements 1602 
(as shown in FIG's 16 and 18) and 1604 (as shown in FIG's 17 and 19), which elements are 
inserted so as to adhere to opposed inside walls of the bin segments* Glue, double sided tape, 
etc. could be used to secure the resizing elements within opposed walls, and preferably the end 

10 walls, of the segments 512. It is noted that resizing elements 1602 and 1604 only narrow the 
inside cross-section of a bin at its ends, and not in the central area thereof, so as to minimize 
obstruction, and in fact so as to help guide, the article grabbing pickup head when it is moAnng 
m the bins 512. Resizing elements 1602 are useful for centering in the bin segments articles 
that are not as wide as the full width of the bins, but have approximately the same length as the 

15 bins, while elements 1604 include shoulder portions 1606 which are useful for centering in the 
bin segments articles that in addition to not being as wide as the fiill width of the bins, are also 
shorter than the length of the bms. Accordingly, the resizing elements will allow bin segments 
which have the same outer dimensioning (and therefore be mass produced), to be used to fit in 
a standard size column of a mass produced bin magazine. Using the appropriate resizing 

20 elements, such mass produced segments can properly position therein not only items having a 
form factor such as found in a bag of potato chips, but also items as differently shaped as a roll 
of breadth mints, or a snack bar. Such versatility in article grasping is easily provided by the 
suction cup gripper of previously described pickup head 224. Note that resizing elements 1602 
and 1604 each include a taper at flieir lower end, so that the resizing elements do not present a 

25 sharp edge to any products as they are being lifted up the column past bin segments from which 
all of the articles stored therein have already been dispensed. 

[00115] Additionally, the resizing inserts allow for different storage orientations for the 
items to be dispensed, such as placing bags of potato chips "on end" instead of flat. This will 

30 reduce the relatively large cross-sectional area presented to the dispensing end of the column 
to that which approximates a candy bar, and thereby allow a bin segment which is dimensioned 
for candy bars to be used to dispense items which have a much different form factor, such as 
bags of potato chips. This aspect of the invention facilitates improved utilization of 
standardized bin segments and bin magazine dimensions, while maximizing the variety of 

35 articles which can be efficiently stored using the bin segments and bin magazines constructed 
in accordance with the principles of the invention, 

[00116] FIG'S 18 and 19 also illustrate the use therewith of the anti-crush article 
supporting tabs previously described with respect to FIG 4 herein. In this embodiment the tabs 

40 are fomaed integrally with the material used to form the segments, by making an inverted U- 
shaped cut-out in opposed sidewalk thereof, and then bending the tab 1607 formed by the bin 
material inside the cut-out, inward. The space 1608 between shoulders 1606 of resizing 
element 1604 advantageously provides the space for tabs 1607 formed by this technique to be 
used. In the event that it is desirable to provide anti-cmsh tabs that can hold a greater weight, 

45 further modifications are possible, as noted below. 
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[00117] The technique of using resizing inserts allows one to use relatively low cost, mass 
produced bin segments, such as those described in fhe priority documents. However, other 
techniques can be used to form the bin segments so that the resizing elements are integrally 
formed with the segments, such as the use of vacuum thermo-forming, blow molding and 
5 extrusion processing. FIG»S 21 and 22, described below, illustrate a few embodiments for 
Ihermoformed bin segments which correspond substantially with Ae function of the bin 
segments shown by FIG'S 1 6 and 1 7, which may have been formed using the coirugated sheet 
plastic techniques described in the priority documents. 

1 0 [00118] FIG»s 20A, 20B and 20C illustrate front, side and isometric views of one type of 
modification for insert 1602 so as to include therewith anti-crush article supporting tabs which 
can support more wei^t. In this embodiment, a projection such as a step 1610 is formed 
integrally with the insert 1602, for example using vacuum thermo-fonning techniques, so as to 
be positioned just below cut-out 1607. Projecting step 1610 functions so that when the tabs 

15 1 607 are preset by bemg bent inward, fliey will still be able to easily bend in the upward 

direction (so as to easily allow articles to pass them by during dispensing), but in the downward 
"article weight siq)porting" direction, the step 1610 prevents a substantial portion of the length 
of Ae tab to be bent. Tabs such as these can also be used on adjacent wall portions of the 
segments, so as to support articles at diagonally opposed comers of the segments, or on all or 

20 only opposed walls of the segments, as desired. In an further embodiment, the lower portion of 
the step could be formed so as to have a "ramp" shape, thereby presenting a gradual edge to flie 
articles being lifted through the segm«its during the dispeaismg operations (the gradual edge 
being desirable to help prevent any articles being dispensed from being caught thereby. 

25 [00119] FIG'S 20D,20E and 20F illustrate side, isometric, and top views of a further 
modification of the anti-crush tab technique shown in FIG's 20A, B and C, useful for 
supporting even heavier articles. Here, in addition to a step 1 610 formed integrally witii tiie 
insert 1604 in the space 1608, an L-shaped tab 1612 is inserted mto a slot (not shown) formed 
even witii the top of step 1610. Tab 1 612 can be formed from a material which is thicker than 

30 the material forming the bin segments, and can therefore have an even greater resistance to 
bending. In a preferred embodiment, tab 1 6 1 2 is formed of a plastic material such as a PET, 
polyvinyl or polycarbonate havmg a thickness, for example, in the range of .005 to .050 inches, 
and in one of the embodiments illustrated herein, 35 gauge. The tab is pre-bent into the L- 
shape shown in FIG 20D, inserted through the slot in insert 1604, positioned so that its lower 

35 edge is just below the slot (thereby biasing the tab portion extending into the bin segment into 
an upward direction), and then adhered in place using an adhesive 1614, such as double sided 
adhesive tape. 

[00120] Extra strong tabs such as these are particularly advantageous at tiie bottom of bin 
40 segments, and can function as "end stops" to prevent articles stof ed in the segment from falling 
out durmg transport and handling of the segments during refiUing of a bin magazine. If tixe 
articles are sufFicientiy sturdy, anti-crush tabs along tiie length of flie segment will not be 
required. Additionally, if required, they can be used along the length of the segment or 
segment msert, so as to provide corresponding tabs on opposed or adjacent walls of the 
45 segments, or both opposed and adjacent walls for maximum support of the articles stored 
therein. 
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[00121] It is noted that even though tabs such as 1612 are not integrally fonned with the 
segments, these tabs are not likely to ever come loose, since they are essentially "locked in 
place"" due to protection of them by being trapped between the inserts and the segment walls. 

5 

[00122] FIG'S 20G,20H and 201 illustrate front, side and top views of a further 
modification of the anti-crush tab technique shown in FIG's 20D, E and F, wherein a 
downwardly-curved slot 1616 is fonned in the sidewall of a resizing insert, such as insert 1602, 
and the slot is pushed 'Hnward", as clearly shown in the side view of FIG 20H, before the tab 

10 1612 is adhered in place. Curved slot 1616 not only provides a "springiness" to the support of 
the tab when downward pressure is applied to it, but the lower edge of the slot, in combination 
with the inwardly protruding tab 1612 covers the upper edge of the slot, so that an edge of the 
article being dispensed is prevented from possibly dropping the article due to its being "caughf* 
by the upper edge of the slot as it is moved thereby. Tabs formed with this technique are 

1 5 particularly advantageous for forming extra strong stop tabs at the bottom of a segment. 

[00123] It is noted that although the tabs shown herein are generally rectangular, other 
shapes for the tabs are possible and may be desirable in some situations. The same is also true 
for the shape of the bin segments, i.e., shapes other than rectangular, such as roimd or doughnut 
20 shaped may also be desirable in some situations. 

[00124] Techniques such as those described above for use with inserts 1602 or 1604, can 
also be used with segments totally formed using vacuum thermo-forming, blow molding or 
extrusion techniques, as will be described next 

25 

[00125] FIG 21A illustrates a vacuum thermoformed technique for constructing bin 
segments in accordance with a further aspect of the invention (although extrusion or molding 
processing techniques could also be appropriately used). Specifically, a segment similar to the 
segment shown in FIG 16 having resizing elements 1602 is reproduced. Although such 

30 techniques result in a somewhat more expensive initial piece of bin segment material, since 
mere foldmg and adhesion (using for example sonic, RF or other welding or other joining 
process), is all that is needed to finish assembly of the bin fix>m a relatively flat sheet into a 3D 
bin structure, (thereby resulting in a lower assembly cost, and lower shipping cost due to 
stackability of the flat sheets before folding ), bms constructed using these techniques may in 

35 the end be more cost effective. FIG 21B illustrates a significant portion of a profile 2100 for 
the initially formed piece, which after mere folding and gluing results in the bin of FIG 21 A. 
The dashed lines 2102 show how a simple modification to profile 2100 can result in the bin of 
FIG 17. In place of gluing or other adhesion techniques for maintaining the folded sheets, the 
sheets could have detents and matching/corresponding holes formed into the material at the 

40 opposed edges to be held together, the detents and holes being dimensioned for fomiing a "snap 
fit" when pressed together, as well known. Thus, no special tools or other materials are 
necessary to 'Torm up*' the bin segments firom the profiled sheets. 

[00126] FIG 22A illustrates a vacuum thermoformed technique for constructing a segment 
45 similar to the segment shown in FIG 17 which has larger resizang elements 1604 so as to be 
able to center smaller items. Since the resizing elements are somewhat larger, they present a 
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greater surfece area for adhesion material, or for stapling or appMcation of other techniques for 
holding the folded bin material together. FIG 21B, illustrates a significant portion of a profile 
2200 for the initially formed piece, and shows how the adhesion material, such as double sided 
tape 2202, can be used to hold the folded bin 2200 together. As more clearly shown in FIG 
5 22B, note how the resizmg means not only centers the articles in the bin segment cross-section, 
but also creates a guide for the article pickup head 224. Article supporting tabs of the type 
shown in FIGS 20D, 20E and 20F are also shown herein. 

[00127] FIG 23 illustrates a further embodiment of a resizing element, which simply 
10 comprises a a wall 2300 which divides a bin segment in half or other fraction. Each portion of 
the segment can now easily store smaller bar-type items by positioning Ihem diagonally in the 
sub-cross section of the segment. Such items may comprise, for example, lifesavers or breadth 
inmts. Note, that irrespective of left or right slant of the articles, the center of the article wiU 
always be centered, thereby giving the service person some fireedom during refilling, yet still 
1 5 providing a stable and defmite "targef * for the article pickup head 224. 

[00128] FIG 24 iUustrates a further embodiment for constructing article supporting tabs. 
As shown therein, a tab 2400 can be formed like the tabs 1607 of FIG 20A, however, the 
OA P^'^**" projects into the segment also has a crease in it, dimensioned so that that'tab 2400 
20 bends back toward the segment firom which it was formed. The portion of the tab above this 
bend serves as an article supporting surface for items positioned above the tab, while the lower 
porhon of the tab acts as a ramp so lhat no sharp edges are presented which can interfere with 
flie dispensmg of items from below. Additionally , as the lower items are moved past tab 2400 
durmg dispensing, the tab 2400 "flattens out", so as to present minimum interference to the 
25 dispensmg items, as shown by the dashed lines in FIG 24. 

[00129] While this invention has been particularly shown and described with references to 
preferred embodiments thereoi^ it will be understood by those skiUed in the art that various 
changes m form and details may be made therein without departing from the sphere and scope 
30 of the invention, hi fact, many such changes are already noted in this description but it should 
be resized that the above-noted changes were not exhaustive, and merely exemplary. Those 
skilled in the art will recognize, or be able to ascertain usmg no more than routine 
experimentation, many equivalents to the specific embodunents of the invention described 
herein. 
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ARTICLE STORAGE METHOD AND APPARATUS jo^Jb-'^OO 2- 

FOR AN ARTICLE HANDLING MACHINE 



BACKGROUND OF THE INVENTION 
1. Field of the Invration 



lOOOlJ The present invention relates generally to improvements in the design and 
operation of an article storage area adapted for use with an article handling apparatus, such as 
a vending machine, as well as methods and systems useful therewith. The invention is 
particularly useful for transportmg, storing and/or handling articles to be positioned in a 
15 columnar/stacked manner, and even more particularly, useful for handling fiiue articles, 
such as bags of potato chips. The methods and apparatus of the invention provide for quick, 
accurate and reliable filling the article storage area of the article handling apparatus with a 
large number of articles. 



2. Background Inibmiation and Des(^ptionoftIie Related Art 



[0002] Most prior art article handling mechanisms, more specifically referred to in the 
descnption of the present invention as being m the environment of a point-of-sale (POS) 
article dispenser, rely on a multitude of motors, switches and solenoids for moving various 

25 portions of the handlmg mechanism, and handling/retrievmg of the articles themselves, such 
as packaged products. Such machines typically require one motor, switch and/or solenoid 
dedicated for each row, column or type of article or package to be handled or dispensed 
therefiom. Such handling mechanisms conventionally comprise one or more of gates, 
elevators, conveyor belts or spiral wires. Machines of this type generally suffer from' 

30 numerous disadvantages, such as poor reliability due to mechanical feilures, difiSculty 

making accommodations for differently sized packaged products, time-consuming individual 
article handling for refilling of the storage area of the article dispenser, etc.. as well known 
by those sldlled in this art. 

35 [0003] US Patent 5,240,139 represents a significant improvement in article handling 
devices. It describes the use of a negative air pressure lifter (i.e., article pickup or handling 
mechamsm), which uses suction, i.e., a reduced or so-called "negative" air pressure created 
by a partial vacuum, for making a secure contact to an article to be retrieved by entering the 
open top of an ardcle storage bin located in a refiigerated storage area of a vending machine. 

40 Thereafter, the article pickup mechanism moves the selected article from the storage area to a 
dispensing area. Although robotic, and specifically suction-type pickup mechanisms are in 
common use in factoiy settings, v/heie space limitations are generally relaxed, their use in 
tight confines, such as an article vending machine, has not gained wide acceptance. Due to 
tiie greater reliability and versatility of vending machines of the type which utilizes suction 

45 technology for grasping and moving selected articles, it would be desirable to develop new 
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techniques and methods for use with such machines, as well as for other more generalized 
article handling mechanisms. 

[0004] Article storage is provided in the forenoted US Patent 5,240,1 39 by arranging a 
5 plurality of vertically aligned storage columns or bins within a freezer compartment located 
in a stocage area of the dispenser housing. Since the articles to he dispensed were frozen, the 
weight presented on the articles stored in a lower portion of the bin, by the stack of articles 
stored above, did not present a product crushing problem. In some applications however, 
such as tho^se that do not use a freezer compartment, the articles steied in ihe bins may be 

10 fragile (such as flexible bags containing potato chips or chocolate bars), and some provision 
would be necessary to prevent crushing of the articles stored near the bottom of the bin. 
Even if article storage in the dispenser used horizontal placement of the article storage bins, 
fragile products loaded in the bins could still be damaged during transportation of pre-loaded 
storage bins from an article storage warehouse or place of article manufacture, to the stomge 

15 area in the article dispenser mechanism. It is desirable to make the article storage bins so that 
they have the most capacity possible, for example, by making the bins taller. However, 
replenishing of the bins with articles to vended becomes more difficult as the length of the 
bins increases. 

20 [0005] Furthermore, when the article storage bins store product which is date sensitive, 
i.e. which may get stale with the passage of time, it would be desirable to provide means 
which would ensure that refilling/filling of partially empty bins are not only accomplished in 
a simple and reliable manner, but in a manner which preserves the filling order of the product 
in the bins, i.e. in a manner which maintains a FIFO (first in, first out) dispensing order. 

25 FIFO removal of the product from the article storage bins helps to insure the quality of the 
product dispensed to the consumer. It is noted, however, that when taller, higher capacity, 
bins are used, maintaining a FIFO requirement during refilling is exacerbated. This is 
because dispensing occurs from the open top of the bin, and therefore access to the interior of 
the bin for refilling/filling must be provided at an end of ttie bin which is opposite from the 

30 dispensing end, i.e., at the bottom of the bin. Furthermore, each bin must be individually 
handled for refilling. 

[0006] Prior PCX patent publication WO 02/01 525 describes the use of a "macrobox" 
for simultaneously moving a plurality of article storage bins, thereby facilitating the handling 
35 of articles to be vended from the storage area of a vending machine, as well as the use of bin 
segments for facilitating a more rapid and trouble free re-loading of individual ones of &e 
article storage bins, which helps insure FIFO article reloading. 

(00071 Figures 1-4 and 12 of PCT patent publication WO 02/01525 illustrate such a 
40 vending machine, which machine could also, for example, be modified/changed so as to take 
advantage of the arrangements to be described for the present invention. Accordingly, , 
Figures 1-4 and 12 of PCT patent publication and it's description are now provided as 
Figures 1-5 herein, for describing the structure and basic operation of the vending machine 
embodiment/ environment for the present inventions. After this description, details relating 
45 to the present inventions will be provided. 
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^^TotLn- ^ >""strates as an environment of the invention described herein, an article 
merchandiser, such as a pomt-of-sale (POS) article dispenser. Although th^ou^the 
following descnption, reference is made to implementation of the inventioTi^fvSdil 
machme environment, it is intended that the term ' Vendmg machine", and ?n feet Ae 
6 envujomnent of the present invention, include more generd purpose ^^k mercha^^^^^ 

If enibodied as a portable device may comprise and be about the Sze of a traditioiud veS 
machine or as large as a tractor-pulled trailer, and if embodied as a^n-^r^Sic! 
10 TrZ^ .^jP^^^ "^^^ ^ located inT^r^^^^o^reZTZ 

15 [0009] Accordingly. FIG. 1 illustrates a perspective view of a vending machine 10 
compnsmg one embodhnent for an apparatus thaf is constmcted and oSSTSn^ to 
tlZT "^Xf/^^*'": Vending machine 10 includes a main cabinet 1^?^ tof 4 
mounted on a hinge 16 for providing access to the interior of the vendinrmihi^ for 

Jnachme 10 are housed, as explained in more detail below. oivenamg 

25 

S?el?id to ^ a ^ubbL' convex-shaped display fece panel 18 (commonly 
reierrea to as a bubble front); adjacent a flat section 20, however these narticular sh«n^.« 

S Aerei^crr;S?,'f^'''?r^ ^'5°"""^ P^^^ 18 °« door ^ so that articles 
40 S2c^SLf!rn^ ^^*^^".'r°^'^^^'*^Sm Inafiirtherembodiment 
w area 22 can be formed on flat section 20. or another wall of cabinet 12. ^'"mera. 

Customer ^Z^^Z u^^"^"^ components are mounted on flat section 20 of door 14 A 
vSZLmf i/ f " conventional fluorescent or LED display panel for ^Zlayin^ 

45 Son tr^'"^**^" o^"^^<^Wne 10. such as feedback to the user ^ 

S ' *^"^^d' product is sold out or being vended For 

acceptingpayments.abill acceptor slot 26 accepts paper money into a^r^^^^ 
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acceptor mechanism (mounted inside machine 10 so as to have its user interface portion 
extend through an opening 1 9 in flat section 20) for purchasmg articles or for making change. 
A coin insertion slot 28 accepts coins into a conventional coin changer (also mounted inside 
machine 10 so as to have its user interface portion extend through opening 19) for purchasing 
5 articles or for making change. A coin return actuator 30 comprises a conventional push- 
button mechanism for activating a coin return portion of the coin changer mechanism which, 
upon actuation returns coins inserted by the current user, to a coin return well 32. The coin 
return portion of the coin changer mechanism also provides change to the coin return wcU 32 
either in response to the purchasing of articles or for making change for paper money or 

1 0 larger coins. A credit/debit card slot 34 accepts a plastic credit/debit card inserted into a 
conventional card reader mechanism (also mounted inside machine 10 so as to have its user 
interface portion extend through opening 1 9) for allowing a user to pay for purchases via 
credit/debit cards. A door handle/lock mechanism 36 enables front door 14 to be secured so 
that it cannot be opened without a key. For allowing user selections, display panel 18 may 

1 5 include graphics, as noted above, which indicates Ihe various articles vendible by the 

machine, as well as their associated price and a unique selection number. A conventional 
keypad push-button mechanism 38 is provided for enabling a user to select a desired article 
from vending machine 10. Alternatively, push-button mechanism 38 could include an 
individual push button for each article selection, as well known. In a further embodiment a 

20 user operated touch screen could replace pushbutton mechanism 38 and display 24. 
Although not shown in Figure 1, machine 10 also includes a conventional^ 
telecommunications component that can be used for authenticating credit card purchases, as 
well as other uses relating to machine control and reporting the mventory and operational 
status of machine 10 to a remote location, as well known to those of ordinary skill in this 

25 technology. 

[0013] Although vending machine 10 is illustrated to include tiie above described user 
interface components, in a more minimal embodiment of the invention, mqst, if not all, of 
these user interface components could be omitted, and the dispenser cotdd in fact be 
30 controlled from a remote location, with or without a local payment system. 

[0014] FIG. 2 is front perspective view of the vending machine of FIG. 1, with the front 
door open, so as to illustrate die main mechanical and electrical components therein. FIG. 3 
is a somewhat idealized version of the main components of the article handling mechanism 
35 portion of vending machine 10, and is useful for understanding its general operation. Note, 
some portions of vending machine 10 are shown in these FIGURES cut away in order to 
better illustrate flie interior components. 

[0015] As shown in Fig. 2, the right portion of the front of cabmet 12 includes a 
40 vertically mounted support panel 202, which is used for mounting most of the user interface 
components. A hinged moxmting bracket 204 is mounted on panel 202 and aligned with an 
opening in door 14 so that the user interface components, such as the selection button keypad 
38, coin insertion slot 30, bill acceptor slot 28, coin return 32, and customer display 24, are 
all accessible to the user from flie front side of door 14. Mounted on the interior of front door 
45 14 are two fluorescent bulb light sources (not shown) that emit light for backlighting panel 
1 8- The fluorescent bulb light sources are behind protective covers 206 so as to provide 
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security (vandal protection), which is desirable as a result of the slot openings (not shown) in 
the structure of door 14 which allow for insertion of the fluorescent bulbs. Also mounted on 
the interior of front door 14 is a product delivery chute 210, and a ballast 208 for supplying 
power to the fluorescent bulbs. Note, the product delivery chute 210 is unconventional in 
5 that it is extremely tall, and therefore serves as a security measure to help prevent 

unauthorized access into the machine by insertion of an arm or other grasping mechanism 
into the customer retrieval area 22 from the exterior side of the machine. In typical prior art 
vending machines, a swinging security door is usually found in chute 210, which swings into 
a vandal blocking position when the customer pushes in the swmgingdoor at the entrance to 

10 the product retrieval area 22 In a fiirther embodiment of vending machine 10, such a 
swingmg security door could be used in conjunction vwth product delivery chute 21 0, 
especially if chute 210 is not as tall as the one illustrated in Figure 2 and also if the product 
retrieval area 22 is located higher up on machine 1 0. Mounted behind hinged mounting 
bracket 204 is a conventional bill acceptor mechanism for causing paper money inserted into 

1 5 bill acceptor slot 28 to be drawn into vending machine 1 0, a conventional coin changer which 
accepts coins inserted into coin insertion slot 28 and supplies coins to coin retum well 32, a 
magnetic card reader, and a conventional bill validator which ascertains proper insertion of 
paper money into bill acceptor slot 28 . 

20 [0016] The interior of cabinet 12 substantially comprises a storage area 215, wherein a 
plurality of a vertically aligned bms 216 having open tops, store therein stacks of articles to 
be vended. Although m the illustrated embodiment a robotic article dispenser comprisuig a 
suction gripper at the free end of a suction hose 220 (shovm more clearly in Fig. 3 as 224), is 
used to dispense the stored articles, such type of mechanism is not required for the present 

25 invention, and in fact any type of dispensing mechanism could be used which would be able 
to retrieve articles from aligned columns. In the illustrated robotic dispenser, a hose 
positioning mechanism is coupled to the suction hose 220, and comprises: a carriage 218 
which includes a driven "pinch roller" aligned for driving hose 220 in the vertical (Z) 
direction, a beam 230 from which carriage 218 is slidably suspended and adapted for 

30 motorized movement therealong (in the front/back " Y" direction); and a slider anangement 
(not shown) mounted in the left/right "X" direction at the top underside of cabinet 12, to 
which beam 230 is slidably suspended therefrom and adapted for motorized movement 
therealong. In the operation, a blower motor (not shown) provides suction to said hose 220, 
and the hose positioning mechanism controUably positions hose 220 to enter a selected bin 

35 216, contact and become secured to an article at the top of the stacked in the bin, remove the 
selected article and position the article in the delivery chute 210. As noted above, although a 
robotic dispenser is described herein, it will be clear that the principles of the invention are 
not particular to any type of dispenser nor its dispensing arrangement and thus a gravity feed 
or spiral wire dispenser, to name just two types of dispensing arrangements, could 

40 alternatively be used. 

[00171 A control board 212 is mounted on panel 202 and comprises a printed circuit 
board on which circuitry is formed and to which integrated circuit chips are attached. A 
power supply 214 is also mounted on panel 202 and supplies power for the electrical 
45 components of vending machine 10. Control board 212 includes a microprocessor that is 
electrically connected to various sensors, hose positioning motors, the above described user 
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interface elements, as well as other devices within vending machine 10, to control the 
operation of vending machine for dispensing articles, in a manner that is well known to those 
of ordinary skill in this technology. Accordingly, further description of the constmction and 
operation of the remainder of the basic electrical components/functioning of the vending 
5 machine is believed to not be necessary. 

10018] Refemng now also to FIG 3, it is apparent that the bulk of the interior of cabinet 
1 2 is available as an article storage area 21 5. Storage area 21 5 includes a plurality of 
vertically aligned article stomge bins 21 6 arranged on the interior floor 217 of cabinet 12. In 
10 a refrigerated environment for the present invention the bins could be arranged to sit on a 
shelf positioned above the refiigeration system. Bins 216 are specifically designed for 
supporting and storing fragile articles 223 to be vended by machine 10. Further details 
relating to bins 216 are known, for example, by the additional text and Figures of the 
forenoted PCX Publication PCT/USO 1/1 6847, which is incorporated herein by reference. 

[00191 An open-top container 21 9 is dimensioned to hold a plurality of article storage 
bins 216 therein, and used, for example to facilitate the simultaneous handling (i.e., removal, 
installation and transportation) of the plurality of bms 216 mto/out of the article storage area 
215. Container 219 also facilitates rapid and accurate positioning of a plurality of the article 

20 storage bins into the storage area of tibie article handling apparatus. More specifically, the 
individual article storage bins can be pre-filled with fresh product and prearranged within the 
contamer 21 9 at a warehouse, and transported by the operator to the vending machine in 
order to rapidly, efficiently, and without error replace all or substantial all of the inventory of 
the vending machine by merely exchanging a new container 21 9 with the old container 219 

25 presently in the machine. The removed container 21 9 can then be replenish with fresh 

product by the operator back at his truck or at a warehouse, and then used for swapping in a 
subsequent vending machine. This ''swapping" technique facilitates rapidly, efficiently, and 
without error changing all or part of the layout of the article selections, i.e., commonly called 
the "plan-o-gram", of the vending machine. 

30 

[0020] The forenoted carriage 218 portion of the article handlmg apparatus (which 
carriage may be more generally referred to as an X-Y or planar positioning mechanism) is 
coupled to the interior topside of cabmet 12 and adapted for bemg controllably positioned by 
the control board portion 212 of machine 10, to a location centered over (so as to be aligned 
35 with) the open top-end, i.e., dispensing end, of a selected one of article storage bins 216. 

[00211 Although vertical (Z-axis) alignment of the article storage bins 216 is shown, 
non-vertical, i.e., slanted or even horizontal (X or Y axis) alignment may also be possible 
(such as found in the well know glass front vending machines of the type using a "spiral 

40 wire" type of dispensing apparatus). In the event of substantially horizontal alignment of the 
storage bins, the planar positioning mechanism will be appropriate changed so as to position 
. carriage 218 for movement in the X/Z or Y/Z plane. In fact, a curvilinear plane, such as a 
cylinder, is also considered to be within the scope of the present invention. The combination 
of substantially horizontally aligned stacks of products with a robotically controlled article 

45 transport mechanism which moves in a vertical plane adjacent to dispensing ends of the 
stacks of products, is known, for example in US patent 6,230,930 issued May 15, 2001 and 
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entitled METHOD AND APPARATUS FOR VENDING PRODUCTS, and in US patent 
publication US 2001/0000609 published May 3, 2001 , which is incorporated herein by 
reference. The article storage methods and apparatus of the present invention could find use 
just as well in an article dispenser of the type noted above. 

5 

[0022] Use of a curvilinear plane for article transport is also known, for example in the 
videocassette vending art, wherein the videocassette's are stacked in an outwardly facing 
manner in a central storage carousel, and a robotic gripper encircles the carousel. 
Furthemiore, although article storage bins 216 are shown to be an ambient environment, bins 

10 216 could in fact the positioned in a refrigerated environment, such as a freezer located in the 
bottom of storage area 21 7, and the article transport mechanism enter the bins from a top 
opening the fi'eezer, such as shown and desoribed in the forenoted U.S. patent 5,240,139. 
Alternatively, in the event the refrigerated environment is of the type including a 
substantially horizontal alignment of the storage bins, a vertically oriented opening coidd be 

15 used to provide access to the dispensing end of the article storage bins. 

[0023] As shown more clearly in Fig. 3, an air hose 220 is continuous from a point 
before it's exit fbom a hose storage area 222 over orthogonally positioned rollers 213 (or 
other low-friction arrangement), to its free end 221. Free end 221 includes a wei^ted 

20 portion 225 in combination wifli a bellows extension tip portion 227. Depending upon the 
physical characteristics of the articles to be dispensed, article pickup head 224 may comprise 
only the weighted portion 225, or this portion in combination with a fitting specifically 
adapted to flie type of packages to be dispensed, such as the bellows tip 227 (serving as an 
active suction cup) or a compliant tip without a weight. Hose 220 has one end coupled to a 

25 source of negative air pressure, i.e., suction, which source of suction comprises in the 

preferred embodiment a blower motor 226, and a free end coupled to the article pickup head 
224. In the present invention, the word continuous is intended to mean a hose which is 
coimected and acts between it's end points, in order to accomplish the fimctions required by 
it, as a unitary/single hose, i.e., one than one hose can be coupled together to act as a single 

30 hose. An air hose portion 235 provides suction from blower motor 226 to one port of an air 
jimction box 229, while continuous hose 220 is connected to a second port of air junction box 
229. Air junction box 229, included at a top portion of hose storage area 222, includes an 
airflow sensor and vacuum breaker assembly. The airflow sensor is used to develop a signal 
which is applied to the controller of the vending machine and is representative of the airflow 

35 through air hose 220. The vacuum breaker assembly is used to quickly bring the air piessure 
in hose 220 to the ambient pressure, thereby facilitating a "quick-release*' of an article 
transported by the article pickup head, into the dispensing chute 210. It is noted that a quick 
release of the products does not have to occur at the top of dispensing chute 210, and in the 
event that it is desimble to avoid subjecting the article to forces which result from jarring or 

40 dropping, the article pickup head could proceed to the bottom of the dispensing chute 210 
before providing release of the article, with or without the use of the quick release valve. In 
one embodiment, the airflow sensor arrangement may comprises a two-part switch, a first 
part includes a reed switch mounted on a top portion of box 229, and a second part includes a 
magnet mounted at the free end of a swinging arm mounted inside box 229. As the arm 

45 swings inside box 229 due to changes m airflow, the switch is 'Hoggled", thereby indicating 
changes in airflow. The use of this airflow signal will be described in greater detail later. In 
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an alternative embodiment, the functions of the airflow valve and quick release could be built 
into the blower motor enclosure, or they could be eliminated entirely. With this arrangement, 
hose 220 would be continuous from the picker head all of the way to the blower motor. 

5 [0024] A clever hose positioning arrangement is provided for aligning carriage 218 with 
a selected one £>f bins 216. This alignment is accomplished in the front/back (Y) dkection 
using a front/back linear slide 228 (shown in a cut away view) mounted to an "L" shaped 
front/back beam 230 so that carriage 218 can be controUably positioned therealong using 
slide 228. A bottom edge portion of beam 230 includes a rack portion 232 and carriage 218 

1 0 includes an electric motor 233 that drives a gear (not shown) which engages rack portion 
232. Application of forward and reverse motor control signals fiom control board 2 12 to 
motor 233 causes carriage 2 1 8 to be driven in the front/back directions. Alignment of 
carriage 218 in the left/right (X) direction is accomplished in a sunilar manner, using a 
left/right Imear slide 234 which sUdably couples the top side of front/back beam 230 to &e 

1 5 underside of each of spaced apart left/right beams 236a and 236b. Beams 236a and 236b are 
rigidly attached to the inside top portion of cabinet 12. A rack 238, also rigidly attached to 
the top inside portion of cabinet 12 and in parallel with beams 236, is engaged by a gear 240 
driven by a reversible motor 243 mounted near tibe inside comer of beam 230. Application 
of forward and reverse motor control signals from control board 212 to motor 243 causes a 

20 rotation of gear 240 and a corresponding movement of beam 230, and hence carriage 218, in 
the lefl/right (X) directions. 

[0025] Note that although carriage assembly 218 only moves in a single plane (which in 
the illustrated embodiment is illustrated as being horizontal), it is responsible for precisely 

25 positioning pickup head 224 in each of the X, Y and Z dkections. More specifically, carriage 
218 includes a roller arrangement (not specifically shown, but which may comprise three 
orthogonally positioned rollers at the point where hose 220 enters carriage 218) for 
redirecting the rnovement of hose 220 from the substantially horizontal direction along the 
top interior portion of machine 10 (i.e., in the X,Y direction), to a direction perpendicular 

30 thereto (i.e., in the Z direction). Thus, movement of carriage 218 will move the article 
pickup head 224 at the free end 221 of hose 220 so that it can be aligned with the 
longitudinal axis of a selected one of bins 216. Thereafter, a hose drive mechanism (not 
specifically shown, but which may comprise a set of conventionally operated "pinch rollers" 
carried by carriage 218), is driven by a reversible motor 508 for driving pickup head 224 

35 into/out of the selected bin 216 m order to retrieve articles stored therein.. In the illustrated 
embodiment the hose drive mechanism is mounted in carriage 218, but in a further 
enibodunent motor 241 and the pinch rollers, or some other drive mechanism, such as an 
articulated arm, could be mounted so as to act somewhere else along the length of hose 220 
so as to enable driving of pickup head 224 into/out of a selected bin 216. 

40 

[0026] This arrangement, where hose 220 travels in the same X,Y plane that carriage 
218 travels, facilitates a compact hose positioning and drive mechanism embodiment for the 
present invention. 

45 [0027] Smce hose 220 is formed of a continuous material from its connection to the 
source of suction at one end (which connection in the illustrated embodiment is at the 
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vacuum junction box 229) to the pickup head 224 at its other end, means are necessary for 
providing hose storage and/or retraction during travel of the pickup head 224 in the X, Y and 
Z directions during the article dispensing operations. 

5 [0028] A hose storage area 222 is formed by placing an interior wall 246 parallel and 
adjacent to an exterior wall 248 of cabinet 12. Walls 246 and 248 are shown in Fig. 3 as 
partially cut-away so as to illustrate a gravity feed self retracting loop 250 in hose 220. Loop 
220 is constrained for movement within hose storage area 222, and made self retracting by 
providing a rolling weight 252 ha^ng a groove 253 along its periphery in order to provide 

0 constant centering of the weight within hose storage area 222 and providing a constant "loop 
forming" tension on hose 220. Furthermore, centering of the grooved rolling weight 252 
within hose storage area 222 results in centering of hose 220, thereby preventing hose 220 
from robbing with the walls of hose storage area 222 during X,Y and Z repositioning of 
pickup head 224. In order to prevent binding of hose 220, rolling weight 252 is dimensioned 

15 so as to be slightiy larger than the diameter of hose 220 and the width dimension of hose 

storage area 222 is dimensioned to be only slightiy larger flian the width dimension of rolling 
weight 252. 

[0029] It is also noted that this gmvity-based retraction/ hose storage technique meets 
10 the storage requirements needed for both ttie X and Y movements of carriage 21 8 (left/right 
and front/back), as well as for the Z movement of pickup head 224. Of course this gravity- 
based retraction/ hose storage technique would work equivalentiy well in an embodiment 
wherein the robotic hose positioning mechanism used a rotaiy type device (R, 0), an 
articulated arm, telescoping or scissor system, or other technique. Furthermore, the 
25 illustrated gravity-based retmction/ hose storage technique is not necessary for the present 
invention, and in fact a folly or partially motorized retraction technique could also be used. 
Furflieraiore, in other embodiments, it may be desirable to place hose stomge area at another 
location, such as parallel to the top or rear portion of cabinet 12. 

30 [0030] In the environment of the present invention, it is noted that FIG.*s 2 and 3 also 
illustrate that as the hose positioning arrangement causes an article 223 to be moved by 
pickup head 224 from a storage bin 216 to chute 210, it is positioned past an article 
identification (ED) device 254 mounted within cabinet 12. A specific type of article ID 
device is not required for the present invention, and depending upon system constraints, such 

35 a device may comprise, for example, a bar code scanner or other optical image/pattern 
recognition system, or even a non-optical system, such as a radio fi:equency identification 
(RFID), or magnetic-based system mounted within cabinet 12. for uniquely identifying and 
confirming that the article being dispensed is in fact the article that was selected. The 
construction operation of such article identification devices are well known to those of 

40 ordinary skill in this technology, and therefore further description m this regard is not 

necessary. Such article or bar code recognition uniquely identifies the transported article to 
control board 212, and can be used for inventory management, as well as operational control 
of vending machine 10. Article ID device 254 is mounted witiiin cabinet 12 at a relatively 
fixed location, the mounting being such that some controlled movement in the orientation of 

45 article ID device 254 may be facilitated, in order to help ensure a good "view" of the article 
being transported, and a high confidence of the transported articles bemg identified. One 
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way to provide such controlled movement for ID device 254 would be to mount it on a 
piezoelectric substrate, and control system 400 could provide a voltage to the substrate so as 
to shift the "view" of ID device 254. It is noted that by using an appropriately positioned 
article ID device 254, only a single article ID device 254 is needed. This is particularly 
5 useful for a robotic type dispenser, since the robotic apparatus can controllably position, and 
re-position if necessary, the article in the vicinity of the article ID device 254, thereby 
helping ensure a reliable ID of the article. 

[0031] It is noted that by using a centrally positiSned article ID device 254, only a single 
1 0 article ID device 254 is needed. This is particularly appropriate for a robotic type dispenser, 
since the robotic apparatus can controllably position, and re-position if necessary, the article 
in the vicinity of the article ID device 254, thereby helping ensure a reliable ID of the article. 
It is noted that a specific type of article ID device is not required, and depending upon system 
constraints, such a device may comprise, for example, a bar code scarmer, an optical imaging 
1 5 system which identifies the article being dispensed using image and/or pattern recognition 
techniques, or even an RF identification tag system. Such article ID devices are well known 
to those of ordinary skill in this technology, and therefore further description of fhem is 
unnecessary. 

20 [0032] A bia holder 260, shown in FIG. 2, comprising in the illustrated embodiment a 
pair of rectangular brackets 260 secured in a spaced manner to opposed interior side walls of 
cabinet 12, is used to maintain the bins situated therebetween in a predetermined position 
relative to the interior of the vending machine cabinet. This is required in view of the pre- 
programming of control board 212 so that the controller knows the precise X-Y position of 

25 each bin, and can thereafter control the robotic structure so as to allow it to correctly retrieve 
a selected article firom a predetermined one of bins 216. 

[0033] In accordance with a further aspect of the present invention, a further opening is 
provided in door 14, namely a display face change slot or access port 308. Slot 308 is used 
30 for juxtaposing a replaceable graphics display panel with the interior &cing side of display 
face panel 18» enabling quick change gmphics. 

[0034] Face panel 1 8 may comprise a bubble front, shown as 402 in Fig 4a, having a 
first area 406 which may include pre-printed graphics, such as a brand name or other 

35 identifying information, and a second portion 408 which has no pre-printed graphics, and 
therefore is clear/translucent. Portion 408 is therefore adapted for allowing the 
owner/operator of machine 10 to insert various ones of replaceable graphics panels 41 0 in 
juxtaposition therewith for quickly and easily changing the graphics display of the machine. 
Panel 410 includes multiple product selection graphics 412 thereon, and may also include 

40 for/with each grs^hic 412 and associated product selection indications (e.g., Al , A2, etc.) as 
well as a price indication. Fiulher details about the construction of panel 410 can be found in 
my pending PCT application PCT/USOl/51,053, incorporated herein by reference. In a 
further embodiment, upper portion 408 may in fact be positioned anywhere on display panel 
402, and can in fact comprise further portions, not shown, in which further replaceable 

45 graphics panels 410 can be juxtaposed above, below or to the side of retrieval area 22. In 

fact, portion 406 of bubble &ont 18 could also be provided with no graphics, i.e., clear, and a 
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panel similar to graphics panel 41 0 could also be inserted in the lower portion of bubble front 
18. 

[0035] Replaceable graphics panel 4 1 0 is placed in juxtaposition with the interior facing 
side of panel 402 by the machine operator passing the replaceable graphics display panel 410 
from the interior side of door 14, through slot 308, and into a press fit against panel 402. 
With an arrangement in accordance with the illustrated embodiment^ the operator will push 
panel 410 into slot 308 so that the lower side of panel 410 rests against a top portion of 
customer retrieval area>22, and extends across the expanse of face panel 402 until it reaches 
stops moimted along the side of frame 9 which is opposed to slot 308. Panel 410 is 
dimensioned to make a tight fit in this position. Supported in this position panel 410 is 
visible to a user of the vending machine through the clear portion 408 of bubble front 1 8. 
Since slot 308 is only accessible fix)m inside machine 10, xmauthorized access to slot 308 and 
attendant change of the display graphics is substantially prevented. In a frirther embodiment 
of the invention, a hinged lockable cover, not shown, may be included over slot 308, for 
further control over access to slot 308 from inside of machine 10, as well to prevent access to 
the interior of the machine by vandals located outside of machine 10. Even fiirthemiore, a 
bar code could be printed on the panel 410 so as to uniquely identify the articles shown 
thereon, as well as, for example, the selection numbers and prices associated with each 
article. 

[0036] FIG. 4b illustrates a completed assembly of the replaceable graphics panel 410 in 
juxtaposition with the interior facing side of panel 402, for forming a complete graphics face 
for machine 10. If desired, panel 410 may have graphics or colored areas which surround 
graphics 412, and which in fact may make a seamless image with a portion of the graphics on 
portion 406 of panel 402. Additionally, panel 410 can have a clear, window portion 414 
(shown in phantom) which aligns with window 205 of FIG 2, thereby providmg an 
entrainment opportunity for users of the machine to view its '^workings" during the 
dispensing operation. 

[0037] As described above, positioned inside storage area 215 are a plurality of axially 
aligned article storing bins 216, with a group of the bins arranged for simultaneous handling 
by the macrobox 219. Additional bins are shown being individually positioned witiiin 
storage area 215 so as to fill that portion of area 215 which surrounds macrobox 219. For 
simultaneously handling a plurality of the article storage bins for refilling, the vending 
machine, service person need only perform a single action, removal of the macrobox from 
the storage area 215. Although this arrangement greatly speeds up the article re-loading of 
the storage area of the vending machine, it is still requhed that the individual bins be 
remov^ from the macrobox in order that they can be re-loaded with fresh product. 
Removing tall bins from macrobox can be somewhat cumbersome and time consuming. 
Furthermore, maintaining a FIFO order for the articles during refilling can be problematic 
due to the length of the storage bins. Even furthermore, there is the possibility that after bin 
refilling, some of the bins will be placed in the macrobox at a position which is not a 
predetermined position for that bin. That is, there is a specific "plan-o-gram*' or matrix for 
the bins, and if the plan-o-gram is inadvertently changed by incorrect positioning of one or 
more bins within the macrobox (and the controller of the vending machine is not updated). 
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then the article handling mechanism will retrieve and dispense incorrect articles to the 
customer. Improvement in at least these areas would be desired. 

[0038] PCT patent publication WO 02/01 525 also describes the use of bin segments for 
5 facilitating a more rapid and trouble free re-loading of individual ones of the article storage 
bins, and which helps insure FIFO article reloading. Figure 5A herein shows the use four 
bins segments 1202 (also described in the forenoted PCT publication), for forming a full 
height bin 1200* Figure SB herein shows a cross-section of one of the segments 1202 and 
illustrates the use of flexible "anti-crustf* tabs 1302 (also described in the forenoted PCT 

1 0 publication) which extend from opposed walls of the segments 1202 into the interior storage 
space thereof. As shown in Figure 5C, these tabs at least partially, and preferably fiilly, 
support the weight of articles 1304 stored in the segments 1202. In operation, segments 1202 
can be prefiUed with articles before the segments are brought to the machine 2 for re- 
stocking, or they can be iSlled by the vending machine operator when she arrives at the 

16 machine. Although this technique provides a quicker method and apparatus for refilling bins 
1200 with articles to be vended, it does not appear to lend itself particularly well to use with 
article storage bins which are to be grouped for simultaneous handling, such as by use of the 
macrobox technique described above. When the bin segments are grouped so as to form a 
full height bin 1200 and placed in a macrobox, the fiill height bins must still be removed 

20 from the macrobox in order to be broken down into bin segments in order to be re-stocked 

with articles while maintaining a FIFO ordering of the articles. Additionally, there is still the 
problem that after the filled bin segments are assembled into full height bins, if the bins are 
placed in the macrobox at a position which is not in accordance witii the specific "plan-o- 
gram*' or matrix for that machine (and the controller of the vending machine is not updated), 

25 then the article handling mechanism 5 will retrieve and dispense incorrect articles to the 
. customer. Improvement in at least these areas would be desired. 

[0039] It would be desirable to maintain the advantages of simultaneous bin handling 
using the macrobox technique, without losing the benefits of rapid FIFO bin refilling as 
30 know by the bin segment technique. Adctitional advantages are also desirable. 



BRIEF SUMMARY OF THE INVENTION 

35 [0040] In accordance with the principles of the present invention, an article handling 
apparatus having a article storage area includes a removable article storage structure adapted 
for being positioned therein. The removable article storage structure includes a guidance 
apparatus adapted for individually guiding pre-packaged groups of articles to be handled, i.e., 
article storage cartridges which are preloaded with articles, so as to form therewith a plurality 

40 of axially aligned article storage colmnns. The guidance apparatus includes a receiving 
device which provides individual coupling to the article storage cartridges, so as to allow 
grouping of the article storage cartridges into the plurality of axially aligned article storage 
columns. Once received, the cartridges are individually guided by the guidance apparatus 
fi-om one end of the colunm, along the longitudinal axis of the column, in a direction toward 

45 an article grasping portion of the article handling apparatus which is adjacent an opposed end 
of the column. This arrangement provides a method and apparatus for quickly, easily and 
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accurately transporting and placing a large quantity of articles into tihe storage area of the 
article ladling apparatus. Furthermore, guidance apparatus may additionally include a 
mechanism that co-acts with the cartridges so as to help enforce a FIFO ordering of the 
cartridges in the column. 

5 

[0041] In one preferred embodiment of the mvention the guidance apparatus groups tfie 
article storage cartridges into a matrix that is at least one, but preferably two, article storage 
columns deep and at least two article storage columns long. In this embodiment of the 
mvaition, the receiving devices are positipned at outwardly facing opposed sides of the two 
10 article storage columns A^ch form the depth of the article storage matrix. 

10042] In a further embodiment of the invention, the removable article storage structure 
compnses arefillable article storage magazine having a bottom portion and an elongated 
upper portion supported by the bottom portion for providing the guidance apparatus vMch^ 
1 5 lidps^ tfiei>lufality of the axially Signed. • 

[0043] In this embodiment, the upper portion may comprise an intersecting arrangement 
of walls or dividers, arranged so as to form a matrix of columns. The matrix may have a 
rectangular cross-section, so as to form a matrix of columns which is at least one, but 

20 preferably two article storage columns deep, and one or more article storage columns long. 
The exact positioning of the dividers in the upper portion of the magazine is not as important 
as their positioning in the bottom portion (where precisely predetermined slots, for example, 
as descnbed below, are used for positioning purposes), since the primary purpose of the 
dividers in the upper portion of the magazine is to aUow the cartridges to slide in the 

25 columnar arrangement/direction without having the edges of adjacently positioned ones of 
the cartridges cause interference to such sliding movement 

[0044] In another embodiment, the upper portion may comprise a track or rail guidance 
apparatus mounted to extend in the columnar direction ftom the bottom portion of the article 

30 storage structure. The track or rail guidance apparatus may be free-standing in their 

extension from tiie bottom portion, or be attached to Avails tiiat extend up from the bottom 
portion in the columnar duection. In an even fiorther embodiment, the guidance apparatus 
may be formed on tiie walls of tiie individual article storage cartridges themselves, so tiiat an 
mterlocking of the article storage cartridges witii adjacent article storage cartridges provides 

35 flie grouping of tiie article storage cartridges into flie pluraHly of axially aligned article 
storage columns. 

[0045] The receiving devices may comprise magnetic couplings that slide on the 
guidance apparatus, or in a further embodiment, tiiey may comprise openings near tiie bottom 

40 of flie guidance apparatus, which openings provide access for respective ones of tiie article 
storage cartridges to be admitted into respective ones of flie plurality of axially aligned article 
storage columns. In the embodiment where the removable article storage stracture comprises 
a refillable article storage magazine having a 2 by 1+N matrix (where N= 0 or a positive 
integer), flie openings may comprise, for example, openings in the bottom of opposed 

45 sidewalk tiiat may be used to foma an outside perimeter for flie magazine, or openings in tfie 
bottom floor of the magazine, depending upon tiie desire to insert tiie carti-idges into tiie 
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columns either laterally or longitudinally with respect to the longitudinal axis of the article 
storage columns. 

[0046] In an embodiment where the guidance apparatus comprises a track or rail 
guidance apparatus, the tracks or rails would have an opening which allows a tab portion of 
the cartridges to be insferted therein so as to securely engage the guidance apparatus and 
thereby form the columnar arrangement of stored articles. Alternatively, the aforementioned 
magnetic coupling/slides can be used to provide the same function as the openings. 

10047] The precise shape of the removable article storage stmcture is not important, and, 
for example when a magazine is used, other than rectangular shapes are possible, such as a 
round or doughnut diape, where the openings for the cartridge face the outside of the 
doughnut 

[0048] In a further, more minimalist embodiment, the magazine can simply comprise a 
skeleton having a shape sufficient to position the cartridges into the columnar matrix 
arrangement. Such an embodiment can be formed from intersecting walls which create 
article storage columns on either side of the intersection, and a plurality of axially aligned 
tracks adapted to engage the article stomge cartridges can be provided along each colimm. 
To help enforce a FIFO ordering of the cartridges in the colmnn, each track can include a 
spring detent or catch to force only a one-way movement of the cartridges along the track, 
such as the upward direction, towards the article grasping mechanism. 

[0049] In a preferred embodiment of the invention, the maga^ne includes a bottom 
portion that functions as a sled so as to facilitate sliding movement of the magazine into and 
out of the storage area of the article handling apparatus. 

[0050] In a preferred embodiment the bottom sled portion can comprise a substantially 
unitary construction, such as a U-shape, where opposed sidewalk of the U-shape provide 
smaller length side walls of a rectangular cross-section for the magazine, and the space 
between the opposed sidewalls comprise a longer dimension of the rectangular cross-section 
of the inagazine. The space between the opposed sidewalls provides the access opening for 
the article storage cartridges. Support beams along the longer dimension of the cross-section 
can be used to join flie opposed sidewalls, and be positioned at a height above the bottom 
portion of the U-shape so as to define a height for the access opening. Such a construction 
provides substantial structural rigidity to the magazine, as well as serving as an attachment 
structure for internal and external wall portions for constmction of the upper body portion of 
the magazine. 

[0051] In accordance with a further aspect of the invention, the internal and external 
wall portions used for constructing the upper body can be formed using a low-cost corrugated 
material, such as corrugated paper or corrugated plastic. Using corrugated plastic material 
may not only provide an increased durability over a paper-based corrugated material, but can 
also improve the "slideability" of the cartridges within the columns in the magazine. 
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I0052J In accordance with even further aspects of the invention, also described herein 
are techniques for forming highly durable cartridges and colunms for the present invention 
using corrugated plastic naaterial, and including reinforcement rods appropriately positioned 
within selected ones of the corrugations. 

5 

[0053] In an alternative embodiment, thdaipper body of the magazine and the cartridges 
can be molded out of plastic, or made of any other material suitable for performing the 
function of Ihese elements, as described herein. 

1 0 [0054] In accordance with one aspect of the present invention, the present arrangement 
of comigated material used to form the cartridges, the reinforcement rods, and cutouts in the 
matenal which are aligned with the reinforcement rods, provides several advanta^ one of 
which bemg that attachment points are conveniently provided for additional apparatus 
a^ciated with the cartridges and/or magazine. For example, a reinforcement rod aligned 

15 with a wmdow in the sidewall of the cartridge can be used as an attachment point for 

stouctoes to be positioned inside the cartridges, such as an auxiliary strip which provides a 
pluralriy of article supporting flaps inside the cartridge, or a spacer which customizes the 
mtenor cross-section of the cartridge so that it more accurately positions and/or fits the 
particular shape of a particular article to be stored therein 

20 

[OOSSl In a further embodiment of the invention, article supporting flaps inside the 
cartndge can be formed using the sidewalk of the cartridge itself, rather than using an 
auxihaty strip. In this embodiment, a plurality of spaced apart «inverted-U" shaped slits can 
simply be punched m the material foraiing opposed walls of the cartridge to form the flaps 

25 Thereafter, the flaps can be simply and easily pushed into the interior of the cartridge so as to 
support the articles, at the time that the articles are loaded into the cartridge. Article 
supportmg flaps manufectuted in this manner have a tendency to be self-rettacting as the 
articles below the flaps are raised past the flap, thereby further preventing the flaps from 
mteifermg with retrieval of articles below the flap. Alternatively, the article supporting flaps 

30 qan be associated with the columns of the upper body portion removable magazine, and the 
cartndges can have openings m thdr sidewalls, so that the article supporting flaps can 
protrude mto the cartridges and support the articles carried thereby. 



35 



[0056] In accordance with another aspect ofihe invention, the bottom portion of the sled 
also mcludes a keymg apparatus such as tabs, which mates with a coitespondirig keying 
apparatus, such as slots, in the storage area of the article handling apparatus to insure proper 
posihoning/repositioning of the magazine within the storage area of the article handling 
machine. 



40 
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I0057J In accordance with a further aspect of the present invention, a replaceable 
graphics display panel which enables a quick change graphics, can be used in conjunction 
with keymg" aspects of the removable article storage structure, so as to further 
enhance/enforce "brand loyalty". More specifically, a unique ID (such as a bar code) 
associated wifli the replaceable graphics display panel can be sensed, for example by a bar 
code scanner, so as to inform the controller of the vending machine what articles are to be 
vended, and which columns they are stored in. Even fiirthennore, the novel article storage 
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• apparatus may include a bar code which also can be used to inform the controller what 
articles are stored therein, and which colunms they are stored in. Due to the "keying** aspects 
of the removable article storage structure, this information can, in effect, auto-program the 
controller of the vending machine, thereby further enhancing the desired benefits of 
5 providing for quick, acciu:ate and reliable filling the article storage area of the article 

handling,apparatus with a large number of articles. Additionally,,due to the preprogramming 
aspect of feis invention, "brand loyalty'* by the machine operator is enforced since the 
machine will operate/vend incorrectly if it is not refilled with the articles as expected by the 
combination of the bar codes on the graphics card and novel article-storage apparatus. Even 
1 0 fiirthermore, these aspects of the invention are particularly useful when the vending machine 
includes an article ID device, as described above, since adherence to the brand loyalty can 
then be independently monitored, and even reported to a third party via the conrniunication 
link portion of the control portion of the vending machine. 

1 5 [0058] Li accordance with another aspect of the invention, the bottom portion of the sled 
also includes additional keying means, such as slots, for facilitating the positioning of wall 
portions for manufacturing the article storage column portions of the magazine. There can be 
multiple slots in the sled floor, so that the wall portions can be relatively easily and quickly 
"repositioned", so as to re-dunension the matrix of colunms for a different size, and/or 

20 quantity of articles. In this regard, another technique which can be used to accommodate 
differently sized articles, is to use 'Inserts**, such as extmded profiles, which when inserted 
into the columns, changes the interior shape/size thereof, to more closely match the size, and 
therefore accommodate the differently sized articles. 

25 [0059] In a further aspect in this regard, in one embodiment, the sled may have a bottom 
portion that has two slotted tracks formed along its longitudinal length and equally spaced 
within its width. The intersection walls can be formed of straight wall sections having the 
width of one column and having a "tee" fitting at flie bottom thereof The *tee** portion at the 
bottom of each wall section is inserted into the track, and then the wall section is slide down 

30 the track to an appropriate position. At that point, the wall section is rotated ninety degrees 
so as to lock that wall section in place. By appropriate positioning/re-positioning of such 
wall sections, a matrix of columns can be easily formed, as well know. This aspect of the 
invention is particularly useful in fliat it allows a quick, easy and reliable method and 
apparatus for re-dimensioning the matrix of columns for a different size, and/or quantity of 

35 articles. 

[0060] In accordance with another aspect of the invention, the bottom portion of the sled 
also includes a detent/retaining clip apparatus for retaining an article storage cartridge after it 
has been inserted into the bottom portion of an article storage column via an access opening 
40 at the bottom of the magazine. 

[0061] In accordance with another aspect of the invention, dimensional tolerances and 
rigidity for the upper body portion of the bin magazine can be somewhat relaxed, as 
compared with the dimensional tolerances and rigidity for the lower body portion of the bin 
45 magazine, since when the magazine is placed in the predetermmed position witihiin the 

storage area, the walls of the adjacent magazines, bins or of the storage area itself, will press 



16 



Docket No. (BPR09U^B||< -|fiii--ll>4-.t. ^ .i . O 

upon and force the upper body portion, with the matrix of columns therein, into a predefined 
and repeatable position within the storage area. This is of particular importance, since such 
relaxed tolerances of the upper body portion lowers the cost to manufacture and assemble 
such components, yet maintains the dimensional tolerance of the matrix in the fully loaded 
storage area, thereby allowing the positional programming of the article handUng device to * 
stay the same after servicing. 

10062) The article storage magazine/cartridge tedmique of the present invention lends 
Itself to further method and apparatus improvements relating to article handling apparatuses 
such as "matmg" of the magazine with a reload container (a container includmg article 
storage cartndges pre-fiUed with articles to be handled), which cartridges can be manually or 
automatically loaded, either one at a time or multiple ones simultaneously, from the reload 
contemer mto the access openings near the bottom of the magazine. Upon loading of the 
filled article storage cartridges into the magazine from the bottom of the reload container, the 
older cartndges from the magazine are automatically recycled &om die top of the magazine 
mto the top of the reload container. The matrix of cartridges in the reload container can be 
pre-assembled and pre-filled at a warehouse of the machine operator in accordance with 
article demand information developed by the operator. 

[0063] Such reloading methods and apparatus greatly simplify, speed up, and improve 
the accuracy and reliability of the refilling operation of the article handling apparatus with 
articles to be handled/retrieved. 

10064) AdditionaUy, the use of such a magazine or groups of such magazines for rapid 
accurate and reliable refilling of the storage area of article handling apparatus with articles ' 
lends Itself to a technique which allows a apparatus to have a predetermined percentage of its 
articles as standard" articles, by providing those articles in. for example, two of three 
magazines used in a article handling apparatus in accordance with the present invention. The 
third magazine can be easUy, quickly and reliably moved to a different article handling 
apparatus upon each servicing of the article handling apparatus, so as to provide 
new/dififerent articles to the users of the article handling apparatus. 



BRIEF DESCRIPTION OF THE SEVERAL VffiWS OF THE DRAWING 

{0065) FIG. 1, previously described, is a front perspective view of a vending machine 
constructed and operating in accordance with the principles of the invention. 

[0066J FIG.S 2 and 3, previously described, are front perspective views of the vending 
machine of FIG. 1, with the front door opened, so as to illustrate the main mechanical and 
electncal components therein. 

(006^ FIG.S 4a and 4b, previously described, illustrate the cooperation of a replaceable 
^aphics panel with a clear portion of a pre-printed graphics panel mounted to the front door 
of the vending machine of FIG. 1, for enabling customization of the display face of the 
vending apparatus of FIG. 1 in accordance with an aspect of the present invention. 
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[00681 Figures 5 A, 5B and 5C, previously described, illustrate another prior art storage 
arrangement for an article handling apparatus. 

5 [0069] New Figures 3A, 3B and 3C illustrate a perspective, front and end view, 

respectively, of one embodiment of an article storage anang6ment for an article handling 
apparatus which is constructed and operates in accordance with the principles of the present 
invention. 

[0070] . New Figures 4A-4F illustrate further details for fonning one embodiment of the 
1 0 upper portion of the storage arrangement of Figure 3. 

[0071] New Figure 5 illustrates furttier details for fonning one embodiment of the lower 
portion of the storage arrangement of Figure 3. 

[0072] New Figures 6A and 6B iUustrate one embodiment and method for fonning an 
article storage cartridge which is constnicted and operates in accordance with the principles 
16 of the present invention, and useful in the storage anangement of Figure 3. 

[0073] New Figure 7 illustrates further details for fonning one embodiment of the article 
storage cartridge of Figure 6. 

[0074] New Figure 8 iUustrates a clip usefiil for forming one embodiment of the article 

storage cartridge of Figure 7. 
20 [0075] New Figures 9A-9D iUustrate further details for fonning one embodiment of an 

article supporting strip/clip for Ae article storage cartridge of Figure 7. 

(0076J New Figures lOA-lOE illustrate further details of one embodiment of a 

completed article storage cartridge which is constructed and operates in accoidance with the 

principles of the present invention. 
25 [0077] New Figures 1 1 A-11 C illustrate a perspective, front and end view, respectively, 

of an alternative embodiment of an article storage arrangement which is constructed and 

operates in accordance with ttie principles of the present invention. 



30 DETAILED DESCRIPTION OF THE INVENTION 

[0078] Figures 3A, 3B and 3C illustrate a perspective, front and end view, respectively, 
of one embodiment of tiie present invention, as represented by an article storage ma^zine 
300 constructed in accordance with tiie principles of tiie present mvention. Magazine 300 is 
35 adapted for bemg quickly, accurately and easily reloaded with articles to be handled, and for 
bemg quickly, accurately and easUy positioned into or out of the storage area of an article 
handlmg apparatus, such as a vending machine of the ^e generally shown in FIG s 1-4 
herein. 

40 [0079] Al&ough one preferred environment for magazine 300 would be in a vending 

machine of the type shown in Fig. 1, namely one using a robotically controUed article gripper 
for retrievmg/dispensing stored articles from a plurality of axially aligned, vertically 
positioned, article storage columns, the invention may just as easily find use in tiie storage 
area of an article handling apparatus which is not a vending machine, and the article handling 

45 apparatus does not necessarily have to be a robotically controlled article gripper, nor do tiie 
article storage columns need to be vertically oriented. That is. any type of article gripping 
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mechanism can be used, the mechanism can be either manually or automatically controlled, 
and the article storage columns can be horizontally onented or at some angle which is in- 
between vertical and horizontal. These are only some of the variations that can be made to 
the present invention and the environment when it may find particular use. 

5 

[0080] In the illustrated embodiment, the body of magazine 300 is constructeld using two 
main components, a U-shaped sled portion 302 and an upper body portion 304. Two U- 
shaped support brackets 306 are used to join the upper portion of the vertically oriented 
opposed end walls 303 of U^haped sled 302, so as to maintain the structural rigidity of the 
10 sled structure. In an alternative arrangement, those portions forming the sled and upper body 
portions could be somewhat mixed, so that portions of the upper body portion could actually 
be extension portions from the sled portion. 

[0081] The sled portion 302 may be constructed using sheet metal or plastic, and the 
1 5 upper body portion 304 can be constructed using a corrugated sheet material, such as plastic, 
but in fact any suitable material can be used. 

|0082] A support bracket 306 provides a means for attaching the upper body portion 304 
to sled 302 using, for example, a series of screws 307. A plurality of lateral dividers 308 are 

20 positioned in a spaced manner along the longer direction of the cross-section of body portion 
304, and in combination with a longitudinal divider 3 10 which bifurcates the shorter 
direction of the cross-section of body portion 304, forms a plurality of axially aligned article 
storage columns 3 12. The bottom portion of sled 302 includes a pair of opposed strips 314 
so as to facilitate a sliding/repositioning of magazine 300 with respect to tihe article storage 

25 area of a vending machine. By using a U-shaped bottom portion 302, i.e., a bottom having 
only one set of opposed walls as compared with two sets, openings 315 are automatically 
formed at the bottom of columns 312 on both the front and back sides of magazine 300. In 
accordance with an aspect of the present invention, openings 315 are used as an access port 
for filling/refilling columns 312 with articles to be vended 



|0083] Although illustrated magazine 300 in accordance with the invention has openings 
315 formed on both the front and back sides of magazine 300, in a further embodiment, the 
openings 315 can be formed on only one side of magazine 300. However, by having the 
openings 315 on opposed sides of the removable magazine, by removing a single magazine 
35 from the article handling apparatus, twice as many article colxmms can be loaded/refilled as 
compared with having such openings on only one side of the removable magazine. 

(0084] More specifically, in accordance with this aspect of the present invention, article 
storage cartridges 320 are provided for use in conjunction with magazine 300, which 

40 cartridges are advantageously pre-filled with articles to be vended so as to minimize time 
spent reloading machine 2 with articles. Such pre-filling can advantageously be done by the 
operator by loading articles into the cartridges 320 back at operator's warehouse, and even 
more preferably, the operator can purchase the articles to be vended directly from the article 
manufacturer in a form where they are already pre-packaged in cartridges, or paper sleeves, 

45 320. Cartridges 320 can provide all of the frinctionality and advantageous of the prior art 
segments 1202 shown in Figure 2B herein, plus more. Of course one of the primary 



30 . 
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advantages is the time saved at the machine 2 during a typical refilling operation^ however 
there are additional advantageous. For example, one of the advantages provided by 
cartridges 320 is that they can be provided with flexible "anti-crush'* tabs 1302 such as those 
shown in Figure 2B herein, for at least partially, and preferably fully, supporting the weight 
5 of articles 1304 stored in the cartridges 320. As will be describe in conjunction with Figure 
9, the anti-crush tabs can be provided by ^ittachment of a supplemental structure to the wall 
of cartridges 320, or in an alternative embodiment, the tabs can be formed integrally with the 
walls of the cartridges. 

10 [0085] Cartridges 320 are dimensioned for being slidably positioned into the bottom of 
an article storage column 3 12 via a respective one of openings 315, and thereafter are 
manually or automatically slid upwards in order to allow room for insertion of the next 
cartridge 320 into the given column of magazine 300. Repetition of this procedure provides 
a quick, accurate and reliable technique for complete refilling of the plurality of article 

1 5 storage columns of magazine 300 in a manner which is customized/optiniized for each 
column. 

[0086] Figures 3A and 3C illustrate installation of the cartridges 320 into the rightmost 
columns 312 of magazme 300, with Figure 3B illustrating the inserted cartridges 320 in 

20 dashed-line form. Of course, when completely refilled, this embodiment of magazine 300 
will house 10 columns of 4 stacks of cartridges, for a total of 40 cartridges. In one 
embodiment of the invention, the individual cartridges are 12 inches high, and can therefore 
store therein, for example, approximately 24 products which have a thickness of Vz inch, such 
as a package of cookies, or for example, 6 bags of potato chips which are 2 ioches thick. If 

25 the cross-sectional area of the articles were, -for example, one-half the size illustrated in 
Figure 3, each cartridge would store twice as many articles, and in this case would have 
divider positioned vdthin its interior to divide the cartridge into two columns. These 
examples result in an exemplary article storage capacity for one magazuie 300 of between 
240-960 full width articles, and 480-1,920 one-half widfli articles. 

30 

[0087] Of course, a vending machine embodiment of the invention would normally have 
a storage area which could enclose a colimmar matrix which is more than only two columns 
deep by 5 columns long, and accordingly two or more of such magazines 300 could fit into 
the storage area of a conventional vending machine, such as one having a 2 by 5 matrix 

35 which is centered in the machine, and two more 1 by 5 matrixes adapted for being positioned 
on either side thereof. Even furthemiore, a magazine 300 could m fact be more than two 
columns deep, as long as the columns greater than two do not obstruct the reloading access 
openings 3 15 for the first two columns. For example, a third row of axially aligned columns 
could be provided that is only 3 cartridges high, and with the lowermost cartridge being 

40 positioned above opening 315. 

[0088] In an alternative embodiment, adjacent ones of magazines 300 could be hinged 
together along, for example a rear edge fliereof, for added stability/safety, as well as for 
providing a method and apparatus for simultaneously handling an even larger article storage 
45 area dining the reloading processes . The hinged magazines could therefore be removed as a 
single unit, and once removed, they could be easily spread apart so as to separate flie adjacent 
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magazines, and thereby expose the openings 315 of the lespective cartridges for refilling of 
the respective magazines. Thus, the invention provides a method and apparatus for quickly, 
accurately and reliably refilling a large number of articles into an article handling apparatu^ 

5 [0089] As will be described later-on, a fiuiher embodiment ofthe invention describes a 
re-loading apparatus which facilitates customized and simultaneous-reloading of a plural!^ 
of colunms 312 at one time, sudi as all of the columns 312 on a^ven side of magazine 300. 

10090] A-pIurality of cut-outs 322, shown in Figure 3C (and alsd-in Figure 4A), fonned 
10 at the bottom of wall body portion 304 so as to be aligned with each of columns 3 12, 
provides several advantages, one of v^iiich being that it allows a cartridge 320 ahead'y 
positioned at the bottom of a column 3 12 to be raised to a height witihin column 3 12 which is 
sufficient so as to make room for insertion of the next cartridge 320 into opening 315. By 
inserting cartridges 320 in this manner, a FIFO order for the stored products is preserved. In 
16 tixe illustrated embodiment, a total of four cartridges are used for fully refilling a column 3 12. 
as shown by the dashed lines in Figure 3B. Further details concMning cartridges 320 are 
given in conjunction with Figures 6-10. 

[0091] Figures 4A and 4B illustrate front and edge views, req)ectively, of a sheet 402 
20 of corrugated sheet material used to form upper body portion 304. Sheet 402 includes pre- 
formed fold lines 404 which are used to divide the sheet into panels 406, 408, 410, 412 and 
414, which panels are appropriately dunensioned so as to form the walls of body portion 304 
upon folding along lines 404. Figure 4C is a top view of sheet 402 after it has been folded to 
form upper body portion 304 
25 - 

[0092] In accordance with another aspect of the invention, before folding sheet 402, one 
or more reinforcenient rods 416 (in the illustrated embodiment two are used), which rods 
each simply comprise a round wire of suitable diameter, are inserted into spaced flutes 
(sometimes called "corrugations" of the sheet 402. Such flutes are shown in the enlargement 
30 418 of edge view Figure 4B. The sheet 402 is oriented so that the flutes are perpendicular to 
the fold lines 404. With this arrangement, upon folding sheet 402, rods 41 6 are bent, and 
thereafter the rods provide a substantial structural support fi>r maintaining the shape that 
^eet 402 was bent to form. 

35 [0093] Figure 4C illustrates a top cross-section view of portion 402 after bending, so as 
to comprise body portion 30 4shown in Figures 3 A, B and C. 

[0094] Figures 4D and 4E illustrate the internal divider portions 3 10 and 308, 
respectively. The divider is assembled by sliding engagement into a respective one of the 
40 spaced slots 420 of divider 3 1 0 (shown in Figure 4D), of the slot 422 of each divider 308 

(shown in Figure 4E), so as to form the 2 x 5 matrix of article storage columns 312 (shown in 
Figure 3 A.) 

[0095] Figure 4F illustrates one example of a clip useful for maintaining dividers 308 
45 and 3 1 0 in their "egg crate"-shaped position inside upper body 304. Clip 424 may comprise 
two identically shaped leg portions 426a and 426b, , each leg portion including at opposed 



21 



Docket No. 02PR09US' 




Patent 



ends thereof a downwardly facing barbed prongs 428. Portions 426and 426b should be 
joined together in an orthogonal relationship, such as by the use of glue or using some other 
suitable means of attachment. In operation, while the intersection of dividers 308 and 310 is 
maintained orthogonal, the prongs 426 of clips 424 are inserted into the corrugations/flutes at 
5 the top ends ofeach of the intersections. Many alternative means for maintaining the ^ 

orthogonal relationsMp of dividers 308 and 310 could be used^ such as gluing, or tfie use of a 
pin orfliogonally projecting from each side of the top of divider 308 so as to pierce and hold 
in the predetermined spaced relationship, the adjacent slotted top sections of dividers 310. 
Even furthermore, and somewhat 'fequivalently, a rod, such as the type of rod 416 of Figure 

1 0 4A, could be inserted directly across the fiill length of divider 310 along a top portion 
thereof, so as to tibereby pierce each divider 308 along the way and maintain it's 
predetermined position with respect to divider 310. Alternatively, as noted in the Summary 
of the Invention portion of Ae application, no clip may be used, since the cartridges 
themselves will automatically cause the dividers in the interior of magazine 300 to reposition 

1 5 themselves to make room for the inserted cartridges. 

[0096] In an alternative embodiment, in order to accommodate a quick, easy and reliable 
method and apparatus for re-dimensioning the matrix of columns for a different size, and/or 
quantity of articles., the sled may have a bottom portion that has multiple slots which will 

20 allow for diJBFerent arrangements of dividers. For example, in one embodiment which is 

different from the one shown above, two slotted tracks, for example can be fomied along the 
longitudinal length of tiie sled, and equally spaced within its width. The intersection walls 
can be formed of straight wall sections having the width of one column and having a 'tee" 
fitting at the bottom thereof. The "tee" portion at the bottom of each wall section is inserted 

25 into the track, and then the wall section is slide down the track to an appropriate position. At 
that point, the wall section is rotated ninety degrees so as to lock that wall section in place. 
In effect, the combination of the dividers at first looks like a solid row or cxutain along the 
line of tiie slot, but then when each divider is rotated so as to lock it into position on the 
track, the view is something like a opening Venetian blind, and the plurality of columns are 

30 formed thereby. By appropriate positioning/re-positioning of such wall sections, a different 
matrix of columns can be easily formed, as well know. 

[00971 Figure 5 illustrates a perspective view of sled 302. As shown therein, the U- 
shaped sled comprises a floor portion 502 and two opposed leg portions 504 and 506 

35 (corresponding to leg portions 303 of Figure 3). Floor 502 has a plurality of slots 508 cut or 
formed therein which mate with tabs 510 formed at the bottom portions of dividers 308 and 
310, to assist the proper positioning of the lower ends dividers 308 and 310 within body 
portion 304 so that, in conjunction with the forenoted clips 424, the colunms 312 formed 
thereby are formed and maintained in the predetermined dimension/spatial relationship. As 

40 previously noted, sled 302 can be formed using sheet metal, or can be an assembly of plastic 
and/or metal parts, as dictated by design choice. 

[009S] Referring for a moment back to Figures 3 A and 3C, note the use of screws to 
secure the entire aforementioned arrangement into a cohesive unit, the screw heads being 
45 visible on the outside walls of upper body portion 304. In the illustrated embodiment, it was 
found that inexpensive drywall screws could be used to easily pierce the corrugated sheet 
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material, and when the flutes of dividers 308 and 3 12 are arranged in the vertical direction, 
this technique secured the assembly together with adequate rigidity. Alternative techniques, 
such as adhesives, could have been used in place of screws. Even further, it has been found 
that other than the use of some means, such as screws for attaching the upper body portion to 
5 the sled, in fact no means may be necessary to hold the dividers in a specific position within 
upper body 304. That is, the loading of the cartridges 320 into the upper body 304 forces the 
dividers therein to automatically take their proper place, due to the force presented therein by 
the combined effect of all of the inserted cartridges 320. 

1 0 [0099] In accordance with one aspect of the invention, as shown in Figure 5, a plurality 
of windows 510 are provided in the floor portion 502 of sled 302 so as to be aligned within 
one of each of the colimms 312. Windows 510 are used to mount a tab or detent clip or piece 
of spring material (not specifically shown), so that as a new cartridge 320 is inserted into 
magazine 300 via opening 3 15, the detent engages a bottom wall portion of the inserted 

1 5 cartridge 320 so as to securely hold it within coliuim 312 and thereby prevent it ftom 
accidentally falling out during, for example, movement of magazine 300. 

[00100] In accordance with a further aspect of the present invention, note also that a 
space between walls 303 of the sled portion 302, and below the lower end of body portion 
20 304, automatically forms the access openmgs 315 which are aligned wdth the bottom of 
columns 312. 



[00101] In accordance with an even further aspect of the present invention, to help 
enforce adherence to a First-In-First-Out (FIFO) technique for refilling magazine 300 with 
25 articles to be vended, a further detent/snap, to be described in greater detail later^ is 

positioned near the top edge of each colimm 312 and operative so as to engage a portion of a 
cartridge near the top of column 312 and prevent it fi-om moving away ficom the dispensing 
direction, i.e., in the illustrated embodiment, cartridges 320 can only move up; thereby 
helping ensure a FIFO refilling of articles to be vended into magazine 300. 



[00102] Figures 6-10 illustrate one embodiment and method for forming an article 
storage cartridge 320. More specifically. Figures 6A and 6B illustrate firont and edge views, 
respectively, of a flat sheet 602 useful for forming a cartridge 320. Sheet 602 may be formed 
of, for example, the same type of corrugated plastic material used to form upper body 304. 
35 Sheet 602 is prepared by punching out edge windows 604, center windows 606 and edge- 
joinmg windows 607. A plurality of spaced apart parallel fold Imes 608 arc also provided to 
facilitate proper folding of sheet 602 into the desired rectangular shape for a cartridge 320. 

[00103] In accordance with one aspect of the invention, before folding sheet 602, a 
40 reinforcement rod 610, which may simply comprise a round wire of suitable diameter, is 

inserted into a spaced flute or "corrugation" of the sheet 602 at opposed longitudinal edges of 
the sheet. Preferably, the rods 610 also pass through the windows 604. Such flutes are 
shown in the enlargement Detail A of edge view Figure 6B. The sheet 602 is oriented so 
that the flutes are perpendicular to the fold lines 608. With this arrangement, upon folding 
45 sheet 602 into the rectangular cross-section needed for cartridges 320, rods 610 are bent, and 
thereafter provide a substantial structural member for maintaining the rectangular shape that 
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sheet 602 was bent to form. Although in the illustrated embodiment two rods 604 are used, 
additional rods may be used, such as one near the middle of cartridge 320. Furthermore, 
other shapes for the cartridges are contemplated, such as round or even doughnut shaped. 
For folding sheet 602, a simple "wing-bender" having a design well known to those familiar 
5 with manufacturing technology, could be used. Although only two rods 610 are shown, use 
of additional rods jniay be desirable, such as one passing through center windows 606. 

[00104] Figure 7 illustrates a perspective view of the final shape for cartridge 320 after 
sheet 602 has been folded, and Figure 8 illustrates an enlarged perspective View of a clip 802 

10 used in the illustrated embodiment to join the opposed edges of sheet 602 together so as to 
maintain the rectangular cross-sectional shape for the cartridge. As shown in Figure 8, clip 
802 comprises a central body having two sets of opposed legs. Each leg is dimensioned so as 
to be able to pass through the flutes of sheet 602, and an or&ogonal projection or barb at the 
distal end of each leg. The legs of each set are biased for springing away from each other, 

1 5 and the windows 607 are positioned and sized so that when the legs are inserted into the 
slieet 602, ttie barbs at their ends cooperate wiHi die sidewalls of the opposed joining 
windows 607, so as to tightly hold together the opposed sides of sheet 602. In an alternative 
embodiment, some other type of securing apparatus could be used to hold the opposed edges 
of sheet 602 together, such as a different type of clip, a "heat weld** of the plastic sheet 602, 

20 or even something as simple as an adhesive tape. 

[00105] Windows 604 and 606 are useful for viewing the articles stored therein, although 
to further facilitate this use, sheet 602 could be formed of a translucent or even transparent 
material. A further use for windows 604 and 606 is as an attachment opportunity for 

25 additional structures. One such structure would be an article supporting tab/flap clip, such as 
to be described in conjunction with Figure 9 herein, which also makes advantageous use of 
the rods 610 which pass through the windows 604, and another such structure would be a 
spacer for resizing the internal space of the column, or for repositioning articles stored 
therein. An even fiirther use for windows 604 or 606 would be as an opportunity to catch 

30 and hold a cartridge 320 so it can only slide one-way within the columns 310, thereby 
ensuring FIFO ordering of the articles stored in the colunms. 

[00106] More specifically, in accordance with this aspect of the invention, although not 
specifically shown, a window is provided at a top portion of one of the walls used to form 

35 each column 3 12 in upper body 304. This window is advantageously used to mount a tab or 
detent/clip, formed, for example fi-om a piece of spring material. Although not specifically 
shown, this wall-mounted detent/clip is of the type such as described above in Figure 5A for 
use in the windows 510 formed in the floor of the sled, which floor*mounted detents/clips are 
used for retaining a cartridge 320 within the opening 3 15 at the proper, fully inserted position 

40 at the bottom of a column 312. The wall-mounted detents/clips are provided so that as a 

previously inserted cartridge 320 is raised within colunm 312 to make room for insertion into 
magazine 300 of the next cartridge 320, the detent/clip engages a top inside wall portion of 
the window in the raised cartridge 320 (or the rod 610 passing through the window, which 
rod may advantageously offer a more firm grasping/holding point to the cartridge), so as to 

45 hold the raised cartridge 320 within the colunm 3 12 and thereby prevent it from moving in 
the downward direction. Since the access opening 3 1 5 is at the lower end of each column. 
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and this wall-mounted detent/clip comprises a "one-way" mechanism in each of the columns 
that prevents previously inserted cartridges from moving in a direction away from the 
dispensing end of the column, a FIFO dispensing/handling of the articles stored in the 
magazine 300 is ensured. As previously noted, FIFO dispensing^handling of the articles is 
5 particularly desirable for date sensitive articles. 

[00107] Figures 9A-9D illustrate perspective, edge, and two detail views, respectively, of 
one embodiment of an article supporting strip 902 for the article storage cartridge of Figure 
7, and Figures lOA-lOE illustrate details of a completed article storage cartridge constructed 

1 0 and operating in accordance with the principles of the present invention, which has the strip 
of Figure 9 mounted therein. As shown in the views of Figure 9, strip 902 comprises a base 
portion 904 having spaced along it*s lengfli article supporting tabs 906, Tabs 906 are adapted 
to support at least Ae edges of articles to be stacked in the cartridges 320, and thereby serve 
to prevent the full wei^t, and in a preferred embodiment, any weight, of articles stored 

1 5 above a tab from exerting any of its weight on the articles stored in the column below a given 
tab. Another name for tabs 902 are ^'anti<<;rush'' tabs. 

[00108] In one preferred embodiment of this aspect of the invention, the strips 902 are 
positioned on opposed sidewalls of each cartridge 320, as shown in Figure lOA. The tabs 

20 extend from the inside wall of the cartridges into it*s interior. The tabs are flexibly biased so 
as to facilitate movement of the articles in a dispensing direction, i.e., towards the dispensing 
end of the column, and which at the same time hinder movement of the articles in a direction 
which is opposite to the dispensing direction. The length of the tabs are predetermined so 
that the space between the free ends on opposed walls of a cartridge 320 is sufficient to allow 

25 the article gripping mechanism to freely pass therebetween, and the flexible biasing of the 
tabs is not strong enough to dislodge an article from the article gripping mechanism as a 
result of contact between the article being removed and the tabs that are positioned in the 
column above the article being removed. In a specific embodiment of this aspect of the. 
invention, strip 902 can be manufactured of plastic using well know molding techniques. 

30 

[00109] Figures 9C and 9D illustrate in Detail A and Detail B, respectively, the edge 
view of strip 902 shovm in Figure 9B. As shown therein, the opposed ends of base 904 can 
have clips 908 and 910 molded integrally with the strip 902, or such clips could be 
manufactured separately and inserted onto the opposed ends of base 904 using conventional 

35 techniques- As previously noted, one use for windows 604 and 606 is as an attachment 
opportunity for additional structures, one such structure being the article supporting strips 
902. Accordingly, as shown in Figures lOD and lOE, clips 908 and 910 make use of the 
rods 610 which pass through the windows 604 in order to make a secvire "snap-on" 
connection to the cartridges 320. A myriad of frulher devices and means could also be used 

40 for attaching strips 902 to the cartridges, such as an double-sided adhesive. 

[00110] Figure lOB illustrates a side view of a completed cartridge shown by Figure 
lOA, where the main internal components are shown using dashed lines, and Figure IOC 
illustrates a top view of a cartridge 320, having an article comprising a bag of chips 912 
45 supported by a pair of opposed tabs 906. 
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(001 11] While this invention has been particularly shoivn and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that various 
changes in form and details may be made therein without departing from the sphere and 
scope of the invention. In &ct, many such changes are already noted in this description but it 

5 should be realized that the above*noted changes were not exhaustive, and merely exemplary. 

* . Those skilled in the art will recognize, or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodiments of the invention described 
herein. 

1 0 [00112] For example, in a further embodiment of the cartridge 320 shown in Figures 
lOA-lOE, instead of forming^attaching tiie article supporting tabs on a strip 902, the tabs 
could be formed integrally with the material used to make cartridges 320. More specifically, 
in this embodiment, a plurality of spaced apart "^inverted-LT* shaped slits can simply be 
punched into sheets 602 before they are bent so as to form the cartridges. Thereafter, the 

15 article supporting tabs can be simply and easily formed by pushing the inverted-U" shaped 
slits into the interior of the cartridge, so that they can provide support to the articles at the 
time that they are loaded into the cartridge. Article supporting tabs manufactured in this 
manner have a tendency to be self-retracting as the articles below the flaps are raised past the 
flap, thereby further preventing the flaps firom interfering with retrieval of articles below the 

20 flap, or later reinsertion of the article retrieving device. 

[00113] A fiirther example of an alternative embodiment of an article storage 
arrangement which is constructed and operates in accordance with the principles of the 
present invention is shown in Figures 11 A-llC. In this embodiment, the guidance structure 

25 of the removable article storage apparatus 1 100 includes sets of tracks 1 102 attached to 
opposed sides of a wall 1 104. A lower portion of the removable article storage apparatus 
1 100 comprises a sled 1 1 06 which is substantially the same as the previously described sled 
302 of Figure 3 A. Tracks 11 02 serve to individually guide the pre-packaged groups of 
articles to be handled, i.e., article storage cartridges 320, so as to form the forenoted plurality 

30 of axially aligned article storage columns. The tracks 1 102 include openings 1 1 08 at a lower 
portion thereof as a receiving device which provides individual coupling to tabs, not shown) 
on the back of the article storage cartridges 320, so as to allow coupling of the article storage 
cartridges into the tracks, and thereby formation of the plurality of axially aligned article 
storage columns. Once the cartridges are coupled to the tracks 1 1 06, they are individually 

35 guided by the tracks fi"om a bottom portion of the track, along the longitudinal axis of the 
column and in a direction toward the article grasping portion of the article handling 
apparatus, which in the illustrated embodiment is adjacentt a top portion of the colunan. The 
edge view of Figure IIC shows that a column 1110 has already been fully loaded with 
cartridges 320, while a column 1 1 12 which is on the opposed portion of wall 1 104, is still in 

40 the process of being loaded with articles. In this regard, a cartridge 1 1 14 is shown being in a 
raised position, while a second cartridge 11 16 is being inserted in the openings 1 108. The 
tracks 1 102, or the wall 1 104, could have a spring/detent clip structure similar to what was 
described with respect to the Figure 3 embodiment of the removable article storage 
apparatus, for holding a cartridge previously inserted into the colunm at a position which is 

45 away fi-om opening and toward the dispensing end of the column. Note that Figure IIC also 
illustrates in dashed line form stored articles 912 and the article supporting tabs/flaps 906. 
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[00114] In a more simplified embodiment of the Figure 11 arrangement, tracks 1 106 may 
only be attached to one side of wall 1 104 (i.e., for an embodiment where the matrix of the 
removable magazine is a 1 by N matrix), or wall 11 04 can be eliminated altogether, and the 
5 tracks 11 06 may be guided by rods, or even be free-standing, in their extension from the 
bottom portion of 'the sled. In an even frirther embodiment, the guidance apparatus may be 
formed on various walls of the individual article storage cartridges themselves, so that a 
vertical interlocking of the article storage cartridges with adjacent article storage cartridges 
provides along a common planar wall of an article storage column formed by the grouped 
1 0 article storage cartridges, a track for slidably positioning of individual ones of article storage 
cartridges so as to form an adjacent article storage column. 

[00115] It should be noted that although in the illustrated embodiments the columns are 
shown vsdtib a vertical orientation, other orientations are possible, such as horizontal, or any 

1 5 angle between vertical and horizontal. For example. Figure 12 illustrates a vending machine 
basically similar to the one shown in Figure 1, however, the planar movement of the 
robotically positioned suction hose is along the vertically oriented back plane of the cabinet, 
instead of the horizontally oriented ceiling panel, and the hose extends in a substantially 
horizontal direction into a stack of stored articles, instead of in a vertical direction. In this 

20 embodiment, a group of adjacent ones of tiie horizontal stack of shelves could be replaced by 
a removable article storage apparatus of the present invention* 

[00116] Although no specific figure is provided, in accordance with another aspect of the 
invention, the bottom portion of the sled may include any of several well know types of 
25 "mating" or "keying'* apparatus (such as a plurality of tabs), can be provided to mate with a 
corresponding keying apparatus in the storage area of the article handling apparatus (such as 
slots), to insure a quick, reliable and accurate positioning/repositioning of magazine 300 
within the storage area of the article handling machine. 

30 [001 17] As previously noted, the article storage magazine/cartridge technique of the 
present invention lends itself to ftirther method and apparatus improvements relating to 
article handling apparatuses, such as keying of the removable article storage magazine 300 
with a '^reload" container (a container including article storage cartridges pre-fiUed with 
articles to be handled and arranged witiiin the reload container in a pre-determined order), 

35 which cartridges can be manually or automatically loaded from the reload container into the 
access openings near the bottom of the magazine, either one at a time or multiple ones 
simultaneously,. Upon loaduig of the filled article storage cartridges into the magazine from 
the bottom of the reload container, the older cartridges in the magazine are automatically 
ejected from the top of the magazine and directed into the top of the reload container. The 

40 matrix of cartridges in the reload container can be pre-assembled and pre-filled at a 

warehouse of the machine operator in accordance with article demand information developed 
by the operator. The pre-assembling of the cartridges in a reload container as provided by 
this aspect of the invention can easily accommodate a unique arrangement or matrix for each 
specific machine to be reloaded, and therefore, in combination with the keying apparatus 

45 noted above for controlling the connection of the magazine 300 to the reload container, as 
well as the re-positioning of the magazine 300 within the storage area of the article handling 
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machine, serves to further insure the quick, reliable and accurate reloading of the article 
handling machine. Even fiirthemiore, the microprocessor/controller of the article handling 
machine necessarily keeps track of the types and quantity of articles stored in each of the 
columns, and therefore it may be used to automatically control the above-described reloading 
5 of magazine 300 using a reload container. 

• 

[00118] In, for example, prior art spiral-wire vending machines, article reloading is done 
by hand, one article at a time, and thus is prone to inaccurate replenishing of the storage area 
by the service personnel. Having a see-through glass front in such machines is almost a 
1 0 necessity in order that the consumer can see actually the article to be vended. The reloading 
methods and apparatus of the present invention greatly simplify, speed up, and improve the 
accuracy and reliability of the refilling operation of the article handling apparatus with 
articles to be handled/retrieved, so much so that customer viewing of the actually "next item 
to be vended" via, for example, a glass window, is not necessary. 



[00119] It is also noted that a magazine or group of magazines of the present invention 
lends itself to a method of loading the storage area of a plurality of article handling machines 
so that a predetermined percentage of the quantity of stored articles in a machine can be 
considered "standard" articles. As such, the standard articles can be provided in, for 
20 example, two of three magazines used in a article handling apparatus in accordance with the 
present invention. The third maga^e can be easily, quickly and reliably moved to a 
different article handling apparatus upon each servicing of tiie article handling apparatus. 
This method facilitates providing new/different articles to the users of the article handling 
apparatus on a rotating basis, in an easy, quick accurate and reliable manner. 



[00120] Accordingly, it is intended that the present invention not be limited to the 
described embodiments, but that it has the full scope defined by the above descriptions and 
any numbered paragraphs or claims which may follow, as well as equivalents thereof. 

30 [00121] The following numbered paragraphs, if any follow, provide ftuther details 
. concerning the elements, actions, and/or steps that are contemplated as falling within the 
scope of the methods and/or ^paratus of the present invention. 
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ABSTRACT 



An article handling apparatus having a article storage area includes a removable article 
5 . storage structure adapted for being positioned therein/ .The removable article storage 

structure includes a guidance apparatus adapted for individually guiding pre-packaged groups 
of articles to be handled, i.e., article storage cartridges which are preloaded with articles, so 
a$ to form therewith a plurality of axially aligned article storage coluxims. The guidance 
apparatus includes a receiving device which provides individual coupling to the article 

10 storage cartridges, so as to allow grouping of the article storage cartridges into the plurality 
of axially aligned article storage columns. Once received, the cartridges are individually 
guided by the guidance apparatus from one end of the column, along the longitudinal axis of 
the column, in a direction toward an article grasping portion of the article handling apparatus 
which is adjacent an opposed end of the column. This arrangement provides a method and 

15 apparatus for quickly, easily and accurately transporting and placing a large quantity of 
articles into the storage area of the article handling apparatus. Furthermore, guidance 
apparatus may additionally include a mechanism that co-acts with the cartridges so as to help 
enforce a FIFO ordering of the cartridges in the column. 
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